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Foreword 


My theme for this foreword is 'Back to the Basics'. 
Since World War II, and particularly in the past decade, 
there has been an explosion in the technology 
available to diagnose and treat low back pain, yet it is a 
sobering reality that the rate of disability and costs for 
care have risen disproportionately to the growth in the 
World’s population. There is no doubt that advances in 
diagnostic imaging techniques, such as MRI and CT 
scanning, have vastly improved the clinician’s capacity 
to less invasively identify pathology which threatens 
neurologic function. Also, there is no doubt that these 
advances have improved the care of people with major 
structural deformity such as scoliosis, and the out- 
come of the treatment of major pathologies including 
primary osseous and neurologic neoplasms, fractures 
and some infections, as well as the care of those with 
clearly manifest disc herniations and spinal stenosis. 
Realistically, these conditions account for a small 
minority of low back disorders. 

During the past decade there also has been a major 
societal reappraisal of how health care is financed, 
and how quality is measured. This is most evident in 
the United States where market place forces have 
promoted a very rapid growth in managed care. The 
challenge increasingly posed to providers is to 
explicitly demonstrate the value of the services 
rendered, where value is measured by quality of the 
outcome, quality of the service, and cost. When value 
is measured in these explicit terms, the care of low 
back pain often is found wanting. For example, there 
is a growing literature which shows the cost of spinal 
fusion for many degenerative disorders is higher than 
alternative care, and the outcomes as measured by 
relief of symptoms and function, as well as a high rate 
of complications, suggest the procedure has marginal 
value. 

The evident paradox is that as powerful technology 
has evolved, value, as seen by the majority of users, 
has marginally improved. In this context the current 
volume, Clinical Anatomy and Management of Low 


Back Pain , seems particularly relevant because it gets 
back to the basics. Although the focus is on manip- 
ulative care, this series fully recognizes optimization 
of care for low back disorders requires the input of 
multiple disciplines, particularly when a condition is 
chronic or disabling. The authors recognize that the 
multiple disciplines need a common language built 
around the traditional and newer understanding of 
patho-anatomy, as well as psychosocial events which 
shape our individual response to pain stimuli, and 
how this influences functional capacity. In short, this 
is a worthy effort to develop a systematic approach to 
diagnosis and treatment which leads to continuous 
improvement in quality, hopefully at no greater, or 
even reduced costs. 

What are some of the critical underpinning con- 
cepts which will improve the value of care for those 
with back disorders? 

The practitioner needs to understand gross anat- 
omy, and histopathology. More important is the 
clinical acumen to differentiate whether ‘abnormal’ 
anatomy is the likely cause of symptoms, or simply a 
feature of aging. For example, a narrowed L5-S1 disc 
space seen on plane radiographs is surely associated 
with histologic change of degeneration, yet the 
presence of this finding predicts little about the likely 
cause of pain. Even more perplexing is the observation 
that significant disc protrusions are identified in over 
30% of people who never have experienced back pain. 
The back to the basics message, a good history and 
physical examination, are far more important in the 
vast majority of people with acute back pain than the 
most sophisticated imaging tests. 

Similarly, a systematic approach to treatment and 
management is critical for all who engage in the care 
of patients. On one hand, allopathic physicians finally 
are becoming aware that manipulative treatment has 
scientifically proven efficacy. On the other hand, 
those engaged in manipulative treatment must recog- 
nize when the patient’s pathology is not amenable to 
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that type of treatment. It is debatable whether 
manipulation can impact positively, or negatively, 
those with frank lumbar disc herniations; even more 
debatable is the impact on spinal stenosis. Certainly it 
is critical that all think of, and recognize, causes for 
symptoms which can be adversely affected by manip- 
ulation, such as tumours, infections, occult fractures, 
significant osteoporosis, impending cauda equina 
syndrome, fixed deformities, or back pain of visceral 
aetiology. Similarly, it is important to recognize that 
those patients where non-operative treatment has 
failed, and whose pathology is amenable to surgical 
treatment, are better served by referral to surgeons 
expert in their management. Although complications 
of manipulation are rare, recognition and appropriate 
referral is also essential. This basic interplay between 
professions can always be best focused when the 
basic question is asked, ‘What is best for the 
patient?’ 

As manipulation continues to grow as a focus for 
conservative management, there is the need to clearly 
define in the continuum of low back disorders where 
manipulation is effective, and where it is not. The 
scientific evidence to date demonstrates substantial 
efficacy only for acute (less than six weeks’ duration) 
back disorders. Similar to all treatment methods, the 


substantiation of value cannot be done by testimony, 
isolated case reports, or by the hardly convincing 
statement, 'In my experience, it works’. 

Instead, carefully constructed prospective random- 
ized clinical trials with independent observation will 
be required. Outcome measures should focus on 
quality (functional, as well as pain reduction), and 
cost. Another approach is the application of quality 
improvement methods, whereby systems thinking 
and explicit protocols are used to measure the effects 
on a variety' of outcome measures, for example 
utilization of health care service, functional measures, 
and cost. 

I am heartened that the Editors and writers of this 
volume have addressed these issues built around the 
basic model of interdisciplinary collaboration and a 
systematic approach to the management of lumbar 
spinal disorders. 1 believe the significant advances 
will be less based on great advances in technology, 
and more on the application of systematically applied 
scientific and clinical knowledge. In short, it is back 
to the basics. 

Professor John W. Frymoyer MD 
Dean of Medicine 
The University of Vermont 
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Preface 


Our intention in compiling this new text series is to 
provide an international perspective on the rational 
approach to managing mechanical spinal pain. We 
present a comprehensive review and analysis of 
clinically relevant information on the basic sciences 
leading to diagnosis and treatment of mechanical 
spinal disorders, with a chapter dedicated to contra- 
indications for spinal manipulation. 

This text highlights the value of a team approach to 
appreciating the complexity of spinal pain and a 
range of treatment approaches. Contemporary con- 
tributions from: epidemiology, anatomy, pathology, 
physiology, psychology, clinical medicine, orthopae- 
dics, chiropractic, osteopathy and physiotherapy are 
presented in this volume Each section, written by 
experienced academic clinicians, provides a sum- 
mary of pertinent material which will lead to an 
improved understanding of the causes of mechanical 
back pain. Management strategies, based on routine 
assessment techniques, are proposed using clinical 
reasoning sequences. This text does not attempt to 
endorse a single therapy, rather to highlight the 
common approach to mechanical treatment which 
may be provided by chiropractic, osteopathy and 
physiotherapy practitioners. 

Our goal is to present this information in a manner 
which will benefit both the undergraduate and 
postgraduate student of mechanical therapy, as well 
as all clinicians who seek a comprehensive review of 
mechanical spinal pain. In the belief that quality 
illustrations facilitate the message, careful selection of 
material and detailed captions have been prepared to 
complement the text. A second objective is to 
encourage greater communication between the clin- 
ical schools interested in this important subject. 
Through this, we hope to contribute to a stronger 
scientific basis for spinal care. 

The text is organized so that it can be approached 
in several ways, according to the needs of the reader. 
The clinician who wishes a quick overview of clinical 


assessment concepts and techniques should consult 
Section IV: Diagnosis and Management. This includes: 
imaging procedures for mechanical back complaints, 
the psychological assessment of back pain, medicinal 
and surgical approaches to back pain and separate 
chapters on the assessment and management strate- 
gies provided by chiropractors, osteopaths and 
physiotherapists. 

Section I introduces the reasoning behind this text, 
together with an epidemiological review of mechan- 
ical back pain. Section II presents the clinical anatomy 
and pathology of the lumbosacral spine, with specific 
chapters on: lumbar intervertebral discs and verte- 
brae, zygapophysial joints, blood supply, muscle and 
ligaments, sacroiliac joints and the thoracolumbar 
junction. Section III presents spinal clinical neuro- 
anatomy and neurophysiology of the lumbosacral 
spine in such' chapters as: innervation of spinal 
structures, mechanisms of inflammation in spinal 
tissues, stenosis, pathoanatomic basis of somatic and 
autonomic syndromes originating in the lumbosacral 
spine, and biomechanics of the lumbosacral spine. 

Section V presents definitions to assist the reader 
with terms used throughout the text and these are 
complemented in some cases with illustrations. 

Our general approach to both the clinical and 
scientific aspects of mechanical back pain is to 
provide a contemporary review of the literature and 
to present logical examples of clinical reasoning 
behind three disciplines of mechanical therapy. 
Despite the need to validate theories behind mechan- 
ical intervention and to show long-term efficacy of 
these therapies, this text also sets out our challenge, 
as clinician-scientists, to promote communication 
between all interested parties. Back pain is multi- 
faceted and it demands the sharing of ideas and 
knowledge to improve the management offered to 
our patients. 

LGF Giles 

KP Singer 
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Introduction 

L.G.F. Giles 


Erect posture and low back pain of 
mechanical origin in homo sapiens 


Some authors have attributed low back pain which is 
due to spinal joint dysfunction to homo sapiens’ 
bipedal posture (Cailliet, 1968), although this is not 
universally accepted (Farfan, 1978). When osseous 
and/or soft tissue anomalies occur, normal circum- 
stances no longer prevail, and such spinal joints are 
predisposed to abnormal mechanical stresses. 

Humans are the only living creatures to have 
mastered the upright posture while standing and 
ambulating (Rickenbacher et al., 1985), and this is 
the result, and measure, of mankind's successful 
struggle with gravity (Schede, 1961). In order to meet 
the dynamic functional demands required of the 
spine (Leger, 1959), transition to the erect posture 
required the human spine to have a double S-shape in 
the sagittal plane with a sharp bend between the 
sacrum and the lumbar spine which begins to 
develop before birth, although it is only during the 
first 3 years of childhood that the typical curves are 
gradually formed and, by puberty, they become 
established (Lafferty et al., 1977; Rickenbacher et al., 
1985). 

Phylogenetic studies have led to the realization that 
the bipedal posture, has meant making the fifth 
lumbar and first sacral vertebrae wedge shaped in the 
median plane, with a greater thickness anteriorly 
(Lippert, 1970), spinous processes of reduced size 
from the fourth lumbar to first sacral segments 
(Farfan, 1978), and positioning the base of the adult 
sacrum at an acute angle of approximately 41 degrees 
to the horizontal (Lafferty et al, 1977; Rickenbacher 
et al., 1985). Other changes include turning the angle 
of the hip joints through 90 degrees, inclination of 
the neck of the femur, torsion of the femoral shaft and 


the tibia, and formation of the unique human foot 
with its arch (Lippert, 1970; Benninghoff, 1980; 
Rickenbacher et al., 1985). 

In normal posture (Figure 1.1), the line of weight is 
the perpendicular through the centre of gravity 
(Joseph, I960). The importance of this line lies in its 
relationship to the transverse axes of rotation of the 
joints of the vertebral column and the lower limbs, 



Figure 1.1 Outline of a man to show the relation of the line 
of weight to the ankle, knee and hip joints and its probable 
relation to the curves of the vertebral column. (Reproduced 
with permission from Joseph, J. (I960) Man's Posture: 
Electromyographic Studies. Charles C. Thomas, Illinois, 
p 14) 
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since the body tends to fall forwards or backwards 
due to gravity according to whether the line of 
weight passes in front of or behind these axes 
respectively (Joseph, 1960). 

Posture and movement are related to the muscu- 
lature of the back which has two functions: (i) to hold 
the central supporting organ of the body (the spinal 
column) in its proper shape and position, and (ii) to 
supply the force for its movement; the muscles 
situated near the body’s surface and far from the 
midline are highly effective motor agents, whereas 
the muscles situated adjacent to the spinal column 
are mainly concerned with maintenance of posture 
(Rickenbacher et al ., 1985). 

Poor posture, in which the head is thrust forward 
with excessive spinal curves in the sagittal plane, 
sloping or hunched shoulders, protruding abdomen 
and hyperextended knees (Garlick, 1990) (Figure 
1.2B) may be habitual or occupational (Mennell, 
I960), and can be related to poor muscle tone. 
Chronic postural strain can cause myofascial pain 
(Keim and Kirkaldy-Willis, 1987). 

Because of the permanent lumbar lordosis, lower 
lumbar joints are always subjected to a shearing force, 
so the lower two or three lumbar zygapophysial joints 



A B 


Figure 1.2 (A) Good posture due to good muscle tone and 
(B) bad posture which develops when poor muscle tone is 
present. (Modified from Feldenkrais, M. (1949) Body and 
mature behaviour New York, International Universities 
Press Inc., p. 104) (Reproduced with permission from Giles, 
L.G.F (1991) A review and description of some possible 
causes of low back pain of mechanical origin in homo 
sapiens. Proceedings of the Australasian Society for 
Human Biology, 4, 193-212.) 


have developed a more coronal orientation than have 
the higher lumbar zygapophysial joints (which have a 
more sagittal orientation) to provide protective sup- 
port against this shear (Farfan, 1978). 

The human spine is a very complicated structure, 
considered by some to be a masterpiece of engineer- 
ing (Keith, 1923, Farfan, 1978). According to Fahrni 
(1966), others consider the spine to be a very 
defective and inefficient mechanism. It is probably a 
mechanically sound mechanism which is badly 
abused by ifs owner (Fahrni, 1966). This has caused 
some authors to attribute low back pain associated 
with mechanical dysfunction (Cailliet, 1968) to man’s 
bipedal posture (Friberg, 1948; Rasch and Burke, 
1967; Gross, 1979). However, in a comparative study 
of man compared with other anthropoids, Farfan 
(1978) concluded that the overall mechanical advan- 
tage of the lumbar spine's anatomical arrangements 
provides an overabundance of power to attain the 
erect posture and that the lumbar spine does not 
deserve to be described as a weak structure, under 
normal circumstances. Many mechanisms exist to 
provide some protection during normal movements. 
For example, during flexion of the lumbar spine, the 
lumbar lordosis is never reversed due to the inherent 
wedging of the lower lumbar intervertebral discs and 
vertebral bodies with their greater thickness ante- 
riorly, thereby reducing the range of flexion. 
Although motion of the lumbar spine is under the 
control of active spinal musculature, further pro- 
tective support is achieved from the complex liga- 
mentous system (Farfan, 1978; Putz, 1992). Some 
ligaments have a dual role; for example the ligamenta 
flava are not only involved in resisting excess 
separation of the vertebral laminae but also protect 
the neural elements from adjacent osseous structures, 
such as the laminae and zygapophysial joints, in parts 
of the spinal arid intervertebral (foramen) canals. The 
epidural and epiradicular adipose tissue affords an 
adequate reserve cushion for protection of neural and 
vascular structures within the spinal and inter- 
vertebral canals under normal circumstances. 

Two main factors make the lumbosacral spine 
vulnerable to abnormal mechanical stresses, i.e. 
apparent disregard for maintaining good posture and 
protection of the spine from injury, which may lead 
to degenerative joints and dysfunction (Gracovetsky 
et al., 1981), and congenital or acquired anomalies of 
osseous and soft tissues (Garlick, 1990). 

Spinal injuries 

The apparent inability to protect the spine from 
injury is an enormously complex issue which can be 
summarized as being due to unexpected trauma, or a 
poor understanding of spinal ergonomics and correct 
posture; these issues are beyond the scope of this 
volume. 
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Figure 1.3 Erect posture radiograph of a 28-year-old male 
showing several anomalies: (i) a left leg length discrepancy 
of 14 mm, (ii) a hypoplastic left ilium above the hip joint 
(compared to the right), (iii) bilateral sacralization of the 
first segment of the sacrum, and (iv) asymmetry in the 
length of the laminae of the first sacral segment. L5 = fifth 
lumbar vertebra. R = right side of patient. The pelvic 
obliquity has resulted in a 9 degree postural scoliosis 
between the first lumbar and first sacral segments, as 
measured by Cobb's (1948) method. (Reproduced with 
permission from Giles, I..G F. (1991) A review and descrip- 
tion of some possible causes of low back pain of mechanical 
origin in homo sapiens Proceedings of the Australasian 
Society for Human Biology, 4, 193-212.) 



Figure 1.4 Three congenital anomalies of the spine are 
shown as an example: (A) hypertrophied transverse process 
forming a false joint with the ilium; (B) hemivertebra, an 
occasional cause of scoliosis; (C) two examples of spina 
bifida. In both, the neural arch is deficient posteriorly - the 
lower drawing shows spina bifida occulta which is the much 
commoner and less severe defect, with the skin and soft 
tissues intact; the upper drawing shows the overlying soft 
tissues are also deficient and the spinal theca bulges 
backwards to form a meningocele. (Reproduced with 
permission from Adams, J.C. (1981) Outline of Orthopae- 
dics. Churchill Livingstone, Edinburgh, 9th edition.) 


Anomalies 

(i) Anomalies outside the spine, such as a significant 
leg length inequality, with or without pelvic osseous 
anomalies, and pelvic obliquity and postural scoliosis 
(Rush and Steiner, 1946; Stoddard, 1959; Gofton and 
Trueman, 1967; Giles and Taylor, 1981; Friberg, 1987) 
(Figure 1.3), and (ii) spinal osseous anomalies (Figure 
1 .4) or soft tissue anomalies, such as the tethered cord 
(Chapter 13) which may cause scoliosis (Roth, 1981), 
and conjoined nerve roots (Okuwaki et at ., 1991) 
should be considered in relation to low back pain. 

A radiographic example of spina bifida occulta of 
the first sacral segment is given in Figure 1.5, which 
shows that the fifth lumbar spinous process is 
elongated in its superior to inferior dimension. 


Pain 


Back pain associated with anomalous lumbosacral 
transitional vertebrae is referred to as Bertolotti’s 
syndrome and it is postulated by Elster (1989) that, in 
this syndrome, hypermobility and altered stresses 
become concentrated in the spine at the level 
immediately above a lumbar transitional vertebra due 
to biomechanical aberrations, resulting in pain. 
Anomalous variations of the lumbar and sacral bony 
anatomy are common and are detectable in about 
one half of the population (Keim and Kirkaldy-Willis, 
1987) and include some of those shown in Figure 1.4 
which may result in pain, i.e. (i) overdevelopment of 
the fifth lumbar transverse process on one or both 
sides of the spine 

hypertrophied process and the ilium, (ii) persistence 
of the first sacral segment as a separate vertebra 
(lumbarization of the first sacral vertebra), (iii) 
complete or incomplete incorporation of the fifth 
lumbar vertebral body into the sacrum (sacralization 
of the fifth lumbar vertebra), (iv) spina bifida occulta 
in which the walls of the vertebral canal fail to meet 
posteriorly during development which can be asso- 
ciated with bulging backwards of the theca (menin- 
gocele) (Adams, 1981), (v) facet asymmetry (tropism) 
(Keim and Kirkaldy-Willis, 1987), and (vi) hemi- 
vertebra. 

Facet tropism, which occurs in approximately 20% 
of people (Cihak, 1970), is thought to be of clinical 
significance because it adds rotational stresses to the 
zygapophysial joints (see Chapter 5) (Keim and 
Kirkaldy-Willis, 

occulta are considered to be of little practical 
importance by some (Adams, 1981; Keim and Kir- 
kaldy-Willis, 1987) but are considered to be sig- 
nificant by others (Avrahami etal., 1994). On viewing 
500 lumbosacral plain film radiographs and 1000 
myelographic examinations of patients with low back 
pain and root signs, Barzo et at. (1993) showed 
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Figure 1.5 Spina bifida occulta of the first sacral segment (arrows) and an elongated 
superior to inferior dimension of the spinous process of the fifth lumbar vertebra. 


transitional lumbosacral vertebrae in 8.4% of patients 
and in only 4.6% of a normal population. 

Most soft tissue structures of the lumbosacral spine 
have a good nociceptive nerve supply, so that pain 
will warn of incorrect spinal movements and strains. 
This, coupled with the previously mentioned struc- 
tural adaptations, indicates that the human lumbar 
spine seems highly advanced along the evolutionary 
scale (Farfan, 1978) but, in spite of this, low back 
pain, with or without sciatica, is second only to the 
common cold in its frequency (Lewinnik, 1983; 
Bronfort and Jochumsen, 1984; Deyo and Tsui-Wu, 
1987). Low back pain affects up to 80-88% of the 
population at some time during their adult lives 
(Cailliet, 1968; Nachemson, 1971, 1976, 1977; Halde- 
man, 1980; Friedman, 1984; Kirkaldy-Willis and 
Cassidy, 1985; Jayson, 1986; Murtagh, 1994) with a 
high prevalence in adults, beginning in adolescence 
(Althoff et al., 1992). It is a main cause of disability 
and expense from work-related conditions (Langwor- 
thy, 1993; Basler, 1994) and is a main cause of 
absence from work (Meade et al., 1990). This places 
an enormous economic burden upon many world 
communities and in the United States of America it 
costs the community in excess of $100 billion per 
annum (Fiymoyer and Cats-Baril, 1991) with the cost 
continuing to escalate (Werneke et al., 1993). The 
cost to the Australian community is approximately 
$10 billion per annum and it is known that the 
epidemic increase of sickness in low back pain 


syndromes is actually threatening the social welfare 
system in societies with socialized medicine (Allan 
and Waddell, 1989; Nachemson, 1991). In spite of 
this, back pain research has received very little 
academic attention, out of all proportion to the 
frequency of this complaint in the adult working 
population (Editorial, Lancet, 1990). Low back pain is 
the most frequent cause of limitation of activity in 
persons younger than 45 years and uses an enormous 
volume of medical services (Deyo, 1983). 

Despite the spine's excellent design (Keith, 1923; 
Farfan, 1978; Giles, 1991), with its normal lumbar and 
cervical lordoses and thoracic kyphosis being well 
adapted to the function of the vertebral column, any 
major aberrations in these spinal curves are mechani- 
cally unsound (Rickenbacher et al., 1985). Muscle 
weakness due to lack of exercise or disease can affect 
the spinal curves and cause postural defects leading 
to faulty spinal joint mechanics and low back pain 
(Garlick, 1990). It is well known that radiologically 
‘normal’ but painful spines (Benson, 1983; El-Khoury 
and Renfrew, 1991) may have painful pathological 
changes which cannot be demonstrated radiolog- 
ically (Dixon, 1980). It is suggested that pain in these 
cases may be due to mechanical irritation of various 
pain sensitive soft tissue structures which cannot be 
visualized by imaging procedures but can be found at 
post mortem by histological studies, although it is not 
possible to correlate histopathological findings in 
cadavers with pain. 
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On the other hand, many individuals with radi- 
ological abnormalities of spinal joints remain pain 
free and even frank disc herniations in the lumbosac- 
ral spine may be noted during imaging of completely 
asymptomatic individuals (Hitselberger and Witten, 
1968; Wiesel et al., 198 4; Boden el al., 1990). 
Therefore, the relation between these radiological 
abnormalities and clinical symptoms is not under- 
stood (Isherwood and Antoun, 1980; Vanharanta et. 
al., 1985). Many spinal structures probably play a role 
in pain production, and all innervated structures in 
the motion segment are possible sources of pain 
(Haldeman, 1977; Nachemson, 1985). 

Magnitude of the problem of low 
back pain 


Low back pain, although sometimes due to other 
causes, can result from alterations from normal 
biomechanics in the vertebral column and constitutes 
a major health problem (Ham and Cormack, 1979; 
Loeser etal., 1990); hence it is desirable to understand 
as much as possible about the clinical anatomy of 
intervertebral and zygapophysial joints (Ham and 
Cormack, 1979), as well as sacroiliac joints. Frequently 
the cause of low back pain is not known (Yong-Hing 
and Kirkaldy-Willis, 1983; Frymoyer, 1988) and our 
understanding of the problem is very limited. Accord- 
ing to Dixon (1976), in nine out of 10 instances low 
back pain is transient, it is related to some posture or 
strain, and recovery can take place in a short time. 
However, chronic back pain and its associated 
disabilities represent a significant health problem 
(Kepes and Duncalf, 1985) of daunting proportions 
(Anderson, 1980; Wood and Bradley, 1980; Spengler et 
al., 1986; Nachemson, 1994) in which physical signs 
are often totally lacking (Mellin, 1986). 

According to Haldeman (1977), two important 
factors compound the problem of back pain mecha- 
nisms: (a) back pain may have a multifactorial 
aetiology, and (b) there may be several types of back 
pain which closely mimic each other. Baldwin (1977) 
states that part of the problem lies in the fact that the 
low back region is extremely complex, both anatom- 
ically and functionally. We await further elucidation of 
the pathophysiology of the back problem since the 
pathological aetiology of many varieties of back pain 
remains undiscovered (Pearcy el al., 1985;Tajima and 
Kawano, 1986). However, most painful conditions of 
the lumbar spine affect the two lower lumbar mobile 
segments (Ehni, 1977) which degenerate earlier 
(Butler et al., 1990). 

In spite of many attempts to provide a rationale for 
clinicians to properly order diagnostic examinations 
and prescribe treatments that maximize the quality 
and efficiency of patient care (The North American 
Spine Society, 1991; Skelton et al., 1995) the complex 


problem of low back pain continues unabated (Pelz 
and Haddad, 1989) Many psychological factors are 
believed to contribute to the development, exacerba- 
tion, and/or maintenance of chronic low back pain 
(Kinney et al., 1991) and, when evaluating patients 
with chronic low back pain, it is necessary to 
understand clinical findings in relation to issues of 
everyday functioning, such as employment, activities 
of daily living, and social adjustment (Millard and 
Jones, 1991) (see Chapter 19) The answer to the 
complex issue of back pain may well depend upon 
multidisciplinary co-operation and, as Frymoyer et al. 
(1991) state, centres for spinal care will emerge as 
part of larger health care systems. 

Motion (mobile) segment and its 
parts 


Lewin et al. (1961), and Hirsch et al. (1963) pointed 
out that the basic anatomical and functional unit of the 
vertebral column is the articular triad consisting of the 
fibrocartilaginous intervertebral joint and the two 
synovial zygapophysial joints. The motion (mobile) 
segment ofjunghanns (Schmorl and Junghanns, 1971) 
consists of all the space between two vertebrae where 
movement occurs: the intervertebral disc with its 
cartilaginous plates, the anterior and posterior longitu- 
dinal ligaments, the zygapophysial joints with their 
fibrous joint capsules and the ligamenta flava, the 
contents of the spinal canal and the left and right 
intervertebral canals, and the supraspinous and inter- 
spinous ligaments (Figure 1.6). 

The intervertebral joints in the spine are primarily 
responsible for (a) the flexibility of the spine, 
allowing a variety of movements such as flexion, 
extension, lateral bending, and axial rotation, and (b) 
load transmission and shock absorption, as a result of 
the mechanical properties of the disc (Lovett, 1905; 
Shah, 1980) 

The mobile segment (Schmorl and Junghanns, 
1971) is conveniently subdivided into anterior and 
posterior elements (Andersson, 1983) and it is 
claimed, on the basis of clinical and experimental 
observations, that degeneration of the intervertebral 
disc and associated osteoarthritis of the zygapophy- 
sial joints can cause low back pain (Kirkaldy-Willis 
and Farfan, 1982; Keim and Kirkaldy-Willis, 1987). 
According to Butler et al. (1990), disc degeneration 
occurs before zygapophysial joint osteoarthritis, 
which may be secondary to mechanical changes in 
the loading of the zygapophysial joints. Miller et al. 
(1988) found lumbar disc degeneration first appears 
in the 11-19 year age range in males, and 1 decade 
later in females, with 97% of all lumbar discs 
exhibiting degeneration by 50 years of age. It has also 
been suggested that intervertebral disc herniation is 
associated with vertebrogenic pain and the auto- 
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Figure 1. 6 The motion (mobile) segment. (Modified from Schmorl, G 
and Junghanns, H. (1971) The Human Spine in Health and Disease , 2nd 
edition. Grime and Stratton, New York, p 37.) 


nomic syndrome (Jinkins et al., 1989; Giles, 1992a) 
(see Chapter 17). The importance of spinal osseous 
and soft tissue anomalies has also been stressed by 
various authors (Elster, 1989; Giles, 1991) Also, pain 
of vascular origin, due to vascular deformation and 
venous stasis within blood vessels of the spinal and 
intervertebral canals, has been suggested by Giles 
(1.973), Hoyland el. al. (1989) and Giles and Kaveri 
(1990). Some authors stress psychological factors 
because diagnostic procedures may well not provide 
a precise diagnosis in cases where pain is due to 
mechanical dysfunction of joints (Hoehler andTobis, 
1983). Such pain may be experienced in the absence 
of degenerative joint disease, or other pathologic 
changes, as a result of traction on normal pain 
sensitive structures, for example, the joint capsules 
(Mehta and Sluijter, 1979; Budd, 1981), or pinching 
and tractioning of the highly vascular and innervated 
intra-articular synovial folds within the zygapophysial 
joints (Kos and Wolf, 1972; Giles and Taylor, 1982; 
Kirkaldy-Willis, 1984; Giles et al., 1986; Giles, 1987, 
1989) (see Chapter 5). 


The sacroiliac joints 


The sacroiliac joints have frequently been associated 
with low back pain of mechanical origin (Bourdillon, 
1970; Bernard and Kirkaldy-Willis, 1987; Kirkaldy- 
Willis, 1988; Cassidy and Mierau, 1992) and play a 
very significant role in this type of back pain with or 
without referred pain to the leg (Bernard and 
Kirkaldy-Willis, 1987) (see Chapter 11). 


Diagnostic problems 


Back pain may originate from different spinal tissues, 
such as muscles, ligaments, dura mater, vertebrae, 
intervertebral discs, zygapophysial joints (Ahmed 


et al., 1993) and other spine related joints such as 
sacroiliac joints (Lewis, 1985; Kirkaldy-Willis, 1988; 
Huskisson, 1990). Moreover, one of the major difficul- 
ties involved in evaluating a patient with low back 
pain of mechanical origin, with or without sciatica, is 
that the painful structure or structures are not 
amenable to direct scrutiny, so a tentative diagnosis is 
usually arrived at for an individual by taking a case 
history and employing a format similar to the briefly 
outlined examination and laboratory procedures, 
indicated in Chapter 20. However, in spite of 
following routine examination procedures, one often 
merely eliminates frank pathologies and the cause of 
low back pain of mechanical origin often remains 
obscure (Margo, 1994), especially when dysfunction 
and degenerative pathology of spinal and sacroiliac 
joints occurs. Thus, in severe cases, injections of 
anaesthetic, with or without steroid suspension, are 
sometimes used to augment the clinical evaluation 
(El-Khoury and Renfrew, 1991; Walker and Cousins, 
1994), for example to determine whether pain 
originates in the zygapophysial or sacroiliac joint(s). 
Imaging procedures such as plain film radiography, 
myelography, computerized tomography (CT), mag- 
netic resonance imaging (MRI) and bone scans 
(Chapter 18) have diagnostic limitations. Specifically, 
diagnostic problems relate to (a) inadequacies in the 
precise knowledge of the anatomy of the lumbosacral 
spine, (b) there being multifactorial causes of pain at 
a given level of the spine in some cases, and (c) the 
limitations of many diagnostic procedures. Also, there 
is often disagreement on which imaging procedures 
have diagnostic validity for back pain of mechanical 
origin, for example in the use of flexion-extension 
plain film radiography (Dvorak et al ., 1991). In 
addition, roentgenographic diagnosis often proves 
difficult because of the anatomical complexity of the 
spine (Le-Breton et al., 1993) 

Furthermore, some diagnostic and therapeutic 
chemical agents may be harmful, for example when 
such agents injected into intervertebral discs extrava- 
sate into the epidural space (Weitz, 1984; Adams et al., 
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1986; MacMillan et al., 1991) causing complications 
due to contact between these chemical agents and 
neural structures (Eguro, 1983; Dyck, 1985; Merz, 
1986; Watts and Dickhaus, 1986). Therefore, such 
diagnostic tests should only be performed to provide 
reliable information about a patient's condition and if 
the result is likely to influence the patient’s manage- 
ment (Modic and Herzog, 1994). 

In many cases of acute low back pain with 
sciatica, intervertebral disc prolapse has been descri- 
bed as being the pathological cause (Mixter and 
Barr, 1934; Rothman and Simeone, 1975; Crock, 
1976) but, according to Wiesel et al. (1984), her- 
niated lumbar intervertebral discs are often asympto- 
matic, especially when a spinal canal’s dimensions 
are normal (Heliovaara et al., 1986). Herniated 
nucleus pulposus does not necessarily produce radi- 
culopathy and may only cause vague low back pain 
(Yussen and Swartz, 1993). Many authorities believe 
that disc herniation has been over emphasized as 
the principal source of back pain and that advocat- 
ing early surgery, even for patients with appropriate 
pathology such as herniated nucleus pulposus, is 
not recommended given the favourable history of 
natural recovery for the majority of these patients 
(Lehmann et al., 1993). Spontaneous recovery of 
intervertebral disc herniation is well known (Fager, 
1994) and Saal and Saal (1989) obtained a 90% good 
outcome with aggressive’ non-operative treatment. 
In a 10-year prospective investigation to evaluate the 
use of quality-based standardized diagnostic and 
treatment protocols, Wiesel et al. (1994) showed 
that the number of surgeries performed decreased 
by 67%, the operative success rate increased dramat- 
ically, and there was a 60% reduction in expendi- 
tures for lost time and replacement wages. It is 
likely that lumbar zygapophysial joint pain is a 
common condition which is frequently overlooked, 
as has been the case with cervical zygapophysial 
joint pain (Wedel and Wilson, 1985; Bogduk and 
Marsland, 1988). The prevalence of zygapophysial 
joint pain should not be overlooked (Aprill and 
Bogduk, 1992). In patients presenting with local 
tenderness in the low back, muscle spasm, and low 
back pain referred to the back of the thigh, to the 
mid-calf, or to the ankle, it is often thought that the 
pain arises from the zygapophysial joints (Kirkaldy- 
Willis, 1983; Kirkaldy-Willis and Cassidy, 1984). The 
alleviation of the pain by injection of local anaes- 
thetic, with or without steroid suspension, into the 
joints, under fluoroscopic control, supports this 
diagnosis according to Mooney and Robertson 
(1976), Carrera (1979), Destouet et al. (1982), 
Kirkaldy-Willis and Tchang (1983), Aprill (1986), 
Lewinnek and Warfield (1986), and El-Khoury and 
Renfrew (1991), although Jackson (1992) disagrees. 

It has been known for many years that back pain of 
mechanical origin is far more prevalent than back pain 
with an aetiology of frank demonstrable pathology 


(Beaumont and Paice, 1992; Day et al., 1994). The 
most common cause of mechanical back pain is 
dysfunction of spinal intervertebral joints due to 
injury, accounting for approximately 72% of back 
pain, while lumbar spondylosis accounts for approx- 
imately 10% of painful backs (Murtagh, 1991, 1994). 
However, many other causes of low back pain, with 
or without progressive radiculopathy, should be 
considered, for example juxtafacet synovial cysts 
(Tatter and Cosgrove, 1994). 

The importance of the thoracolumbar zygapophy- 
sial joints in certain cases of low back pain of 
mechanical origin has been noted by Maigne (1974) 
and should always be considered in the differential 
diagnosis. The particular histological morphology of 
the thoracolumbar junction has been extensively 
reviewed by Singer (1994) (see Chapter 12). That 
sciatica is not a diagnostic end-point but rather a label 
for a pain syndrome that encompasses a long 
differential diagnosis, should always be remembered 
(Young, 1993; Herr and Williams, 1994). 

The continuing interest shown in recent years in 
low back pain syndromes by epidemiologists, pathol- 
ogists, rheumatologists, bioengineers, and biomedical 
researchers and other clinicians reflects the magni- 
tude of the problem. In spite of this multidisciplinary 
interest, it is still only rarely possible to validate a 
diagnosis in cases of mechanical back pain (White 
and Gordon, 1982; Paterson, 1987, 1994) because it 
is not possible to establish the pathological basis of 
such pain in 80-90% of cases (Chila et al , 1990; Pope 
and Novotny, 1993). This leads to diagnostic uncer- 
tainty and suspicion that some patients have a 
'compensation neurosis’ or other psychosocial 
problem. 

Limitations of investigative 
methods 


Routine plain film radiographs provide only a 
shadow of the truth as detailed anatomy and early 
pathology cannot be perceived by this method and 
the same can be said for CT, MRI and bone scans, 
although some of these procedures provide addi- 
tional and different information to that provided by 
plain film radiographs For example, MRI has proved 
to be a valuable diagnostic tool in the initial 
evaluation of the patient with discogenic pain and 
may reveal the different stages of deterioration and 
the levels of affected intervertebral discs (Horton 
and Daftari, 1992). It should be noted that, although 
MRI may be useful for nuclear anatomy, it is not 
helpful for symptomatology (Buirski and Silberstein, 
1993). Magnetic resonance imaging can also assess 
spinal cord anatomy and pathology, ligamentous 
integrity (Brightman et al., 1992), particularly the 
integrity of the anterior and posterior longitudinal 
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ligaments (McArdle et al., 1986), epidural fat, 
cerebrospinal fluid and marrow space (Lauterbur, 
1973) and, used in conjunction with CT and plain 
film radiography, it can also aid in the evaluation of 
bony injuries (Brightman et al., 1992). Also, certain 
areas of the spine and its related joints are more 
difficult to examine radiologically. For example, 
routine plain film radiological demonstration of the 
zygapophysial joints is not easy, because only one 
plane of the curved or ‘biplanar’ (Taylor and Two- 


mey, 1986) articular surface presents itself tangen- 
tially to the X-ray beam (Reichmann, 1973; Park, 
1980). Therefore, spinal radiographs can be informa- 
tive but have limitations (Carroll, 1987), and there is 
often a discrepancy between the degree of pain and 
the severity of radiographic changes (Stockwell, 
1985). For example, disabling zygapophysial joint 
facet syndromes can be associated with normal or 
nearly normal plain film radiographs (Eisenstein and 
Parry, 1987). 


Table 1.1. Some possible causes of mechanical low back pain with or without leg pain 


Nerve root conditions 

• Adhesions between dural sleeves and (a) the joint 
capsule with nerve root fibrosis (Jackson, 1966; 
Sunderland, 1968) and (b) intervertebral disc herniation 

• Intervertebral disc degeneration (Nachemson, 1969) 
and fragmentation (Schiotz and Cyriax, 1975), or 
nucleus pulposus extrusion (Mixter and Barr, 1934) 
causing nerve root compression, or nerve root 
'chemical radiculitis’ (Marshall and Trethewie, 1973) 

• Lumbosacral arachnoiditis (Spiller et al., 1903; Peek et 
at., 1993) 


Zygapophysial joint conditions 

• Joint derangement due to ligamentous and capsular 
instability (Hadley, 1964; Cailliet, 1968; Macnab, 1977) 

• Joint capsule tension, encroachment of the 
intervertebral foramen lumen; impingement of the 
articular process tip against the pedicle above and the 
lamina below (Hadley, 1964) 

• Joint degenerative changes, e g., 'meniscal' incarceration 
(Schmorl and Junghanns, 1971), traumatic synovitis due 
to pinching’ of synovial folds (Kirkaldy-Willis, 1983; 
Giles, 1989), synovial fold tractioning against the 
pain-sensitive joint capsule (Hadley, 1964; Giles, 1982), 
and osteoarthrosis (Eisenstein and Parry, 1987) 

• Joint effusion with capsular distension which may (a) 
exert pressure on a nerve root (Mennell, I960; Dory, 
1981; Maldague et al., 1981), (b) cause capsular pain 
(Jackson, 1966), or (c) cause nerve root pain by direct 
diffusion (Haldeman, 1977) 

• Joint capsule adhesions (Farfan, 1980; Giles, 1989) 


Intervertebral disc conditions 

• Significant disc herniation into the spinal and 
intervertebral canals 

• Spondylosis (Weinstein et al., 1977; Vernon-Roberts and 
Pirie, 1977; Kramer, 1990). Significant anterolateral disc 
herniation with vertebral body osteophytes 
compromising neural structures (Nathan, 1962, 1968, 
1987;Jinkins et al., 1989; Giles, 1992a; Jinkins, 1993) 


Miscellaneous conditions 

• Spinal and intervertebral canal stenosis (Sachs and 
Fraenkel, 1900, Verbiest, 1955; Kirkaldy-Willis and 
Mclvor, 1976; McRae, 1977;Weinsteinet«f, 1977; 
Kirkaldy-Willis et al., 1978; Dorwart et al., 1983; 
Amonoo-Kuofi et al., 1988; Gilesand Kaveri, 1990; 1991; 
Rydevik etal., 1990; Herzog etal., 1991; Giles, 1992b, c; 
Pedowitzeta/,, 1992; Giles, 1994) 

• Intervertebral canal venous stasis (Giles, 1973; 
Sunderland, 1980; Giles and Kaveri, 1990) 

• Myofascial genesis of pain (trigger areas) (Travell and 
Rinzler, 1952; Bonica, 1957; Simons andTravell, 1983) 

• Hypertension in the bone marrow of the vertebral body 
or in the juxtachondral space of osteoarthritic 
intervertebral joints (Amoldi, 1972, 1976; Arnoldi et al., 
1971, 1972, 1975; Astrom, 1975; Lemperg and Arnoldi, 
1978; Foley and Kirkaldy-Willis, 1979; Hanai, 1980; 
Spencer et al., 1981; Kiaer et al., 1988, 1989, 1990; 
Moore et at., 1991) 

• Adhesions between the dural sac anteriorly and the 
adjacent posterior longitudinal ligament (Parke and 
Watanabe, 1990) 

• Arachnoiditis (Peek et al., 1993) 

• Sacroiliac joint mechanical dysfunction and strain 
(Barbor, 1964;Turek. 1984; Lewis, 1985; Bernard and 
Kirkaldy-Willis, 1987; Kirkaldy-Willis, 1988; Cassidy and 
Mierau, 1992) 

• Thoracic/thoracolumbar junction degeneracivechanges 
(Maigne, 1974, 1980; Singer, 1989; Singer and Giles, 1990) 

• Osseous spinal and pelvic anomalies (e.g. transitional 
vertebra(e), spina bifida occulta, hemivertebra(e) 
(Ghormley, 1958; Adams, 1981; Stevens, 1968; 
Anderson, 1976; Nachemson, 1976; Witt etal., 1984; 
Elster, 1989; Giles, 1991; Avrahami etal.. 1994) 

• Significant (1 cm or more) leg length inequality and 
pelvic obliquity (Rush and Steiner, 1946; Stoddard, 

1959; Nichols, 1960; Bourdillon, 1970; Sicuranza etal., 
1970; Clarke, 1972; Yates, 1976; Giles, 1981; Giles and 
Taylor, 1981; Hazelman and Bulgen, 1981; Subotnick, 
1981; Reid and Smith, 1984; Friberg, 1987; Tjernstrom 
etal., 1993, Jertner and Barry, 1995) 

• Hip joint osteoarthrosis being associated with leg 
length inequality of >9 mm (Dixon and Campbell-Smith, 
1969; Gofton, 1971, JP Gofton, 1989 personal 
communication; Gofton and Trueman, 1967; Pauwels, 
1976; Morscher, 1977) 


IModified from Giles, L.G F { 1989) Anatomical Basis of Low Back Pain. Williams and Wilkins, Baltimore 1 
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Some possible causes of mechanical 
low back pain with or without leg 
pain 


Two commonly recognized tissue sources for low 
back pain are spinal joints and paravertebral muscles 
(Gillette et al., 1993a). Studies have shown that 
noxious mechanical and chemical stimulation of 
diverse paraspinal tissues produces low back and hip 
pain which can radiate into the proximal leg (Gillette 
et at, 1993b) 

Table 1.1 briefly summarizes some possible causes 
of low back pain of mechanical origin, with or without 
leg pain, and provides a summary of some literature 
references over the years in order to provide a 
historical background to this complex issue. 

Figure 1.7 summarizes some well-established cau- 
ses of low back pain, with or without leg pain, which 
are due to the thoracolumbar and lumbosacral spines, 
and some of the adjacent soft tissue structures, as 
well as pelvic lesions. The sympathetic chain, lesions 
of which can cause reflex sympathetic dystrophy (see 
Chapter 17), is not shown. 


Summary 


It is not our intention to list all the causes of pelvic 
pain in this text on low back pain of mechanical 
origin 

In order to understand a low back pain suffer- 
er’s signs and symptoms, it is necessary to under- 
stand clearly the normal erect posture and the 
complex anatomy of the lumbosacral spine. There- 
fore, in this chapter, human erect posture has 
been considered prior to the following chapters 
which review the basic anatomy of the lumbosac- 
ral spine. The anatomy will be followed by a 
detailed review and study of possible pathological 
changes which may be associated with degenera- 
tive joint disorders. While it is not possible to 
correlate histopathological findings in cadavers 
with pain, the histological findings described in 
Chapters 2, 4, 5, 6, 12, 13, 14, 15, 16 identify 
some possible causes of joint degenerative changes 
which may be associated with low back pain of 
mechanical origin. 



Figure 1.7 Some causes of pain in the low back or leg, which must be considered in differential 
diagnosis. (Modified from Adams, J.C (1981) Outline of Orthopaedics, 9th edition. Churchill 
Livingstone, Edinburgh, p 208 and Giles, L.G.F. (1989) Anatomical Basis of Low Back Pain 
Williams and Wilkins, Baltimore.) 
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The epidemiology of low hack pain 

Paul Shekelle 


Understanding the epidemiology of low back pain is 
complicated by the effort of trying to understand 
what it is one is trying to measure and how it is to be 
measured. Ignoring the problem of defining exactly 
where anatomically 'low back pain’ is located, we 
must consider what constitutes low back pain: any 
pain in the low back, no matter how mild or of brief 
duration, ever? Pain longer than a certain period, such 
as a day or a week? Pain severe enough to miss work: 
again over what time period? Pain significant enough 
to seek medical attention? Added to this definition 
problem is a measurement problem. There is no way 
to measure pain other than to ask the patient If the 
patient is not asked contemporaneously about the 
pain, then there is the possibility of recall bias for past 
events. Lastly, one needs to decide in which group of 
persons to study the epidemiology of back pain. 
Depending on the circumstances, one might be 
interested in knowing about back pain among indus- 
trial workers, or among persons living in a particular 
community, or even an entire country. Ideally, what 
the clinician would like to know is the epidemiology 
of back pain in a well-defined population in which 
the pain was severe enough to cause a clinically 
meaningful decrement in the patient's functional 
activity, which lasted for some minimum length of 
time, say a day or two. Unfortunately, to gather such 
data would require that a defined population without 
any history of functional back problems be measured 
at near daily intervals with a sensitive measure of pain 
and functional health status, over a long period of 
time. Such data are not available. There have, 
however, been studies which approximate to a 
greater or lesser extent this ideal, and in this chapter 
1 will attempt to piece together the data that are 
available to help provide a current picture of the 
epidemiology of low back pain. 

First, I will define some common epidemiological 
terms Incidence' is a rate, and refers to the number 


of persons with new back pain occurring over a given 
time period among a known number of persons who 
were previously without back pain. Prevalence' is a 
proportion, and refers to the number of persons who 
have back pain at any given time in a known 
population. Some investigations have measured the 
point prevalence ’, meaning the proportion of per 
sons who have back pain at any given moment, and the 
lifetime prevalence ’, meaning the number of persons 
who have had back pain ever, even if they do not have 
it now. Risk factors' are characteristics of demograph- 
ics, genetics, lifestyle, occupation, behaviour, the 
environment, and other variables that affect the onset 
ofback pain. In the case of back pain, some risk factors 
are probably ‘risk markers’, in that their role in the 
development of back pain is probably not causal (that 
is, they may be associated with both the occurrence 
ofback pain and some other factor, possibly unknown, 
which is truly causal). ‘Prognostic factors' are vari 
ables which affect the course or outcome ofback pain. 
Studies of risk factors, or the aetiology of back pain, 
come from observational studies which measure these 
variables before the diagnosis and treatment of back 
pain. Prognostic factors come from studies of the 
course of back pain patients after diagnosis and 
treatment. Figure 2.1 presents these concepts in 
graphic form. Risk and prognostic factors can be 
studied through cross-sectional studies, which meas- 
ure at a single point in time the presence or absence 
ofback pain and the presence or absence of the risk/ 
prognostic factors of interest (history, cigarette smok- 
ing, etc.); through case-control studies, which identify 
persons with back pain, match these persons to others 
without back pain, and then compare between the 
two groups for the presence or absence of risk/ 
prognostic variables; or through cohort studies, where 
groups of persons with and without certain risk 
factors are assembled, and then the groups are 
followed forward in time to see if they develop back 


Copyrighted Material 




The epidemiology of low back pain 19 


ONSET OF SYMPTOMS 

(Diagnosis) . PROGNOSTIC 
FACTORS 

(Affect outcome) 

* A\ 

Exposure Outcome 

\t/ 

RISK FACTORS 

(Affect onset) 


Figure 2.1 Distinguishing between risk and prognosis. (Reproduced with permission 
from Bombardier, C. (1994) Spine , 19 (18s), 2048.) 


pain Each type of study has its strengths and 
weaknesses, but in general a prospective cohort study 
is less susceptible to bias than the other two types. In 
many studies, it is not possible to distinguish whether 
risk factorsor prognostic factors have been measured, 
and therefore they will be considered together. Risk 
and prognostic factor studies frequently report their 
results in terms of the odds ratio for a particular factor 
being associated with low back pain. The odds ratio is 
the odds of persons with the factor having back pain 
divided by the odds of persons without the factor 
having back pain, and is a commonly used measure of 
association. An adjusted' odds ratio is an odds ratio for 
a given factor controlling for all other known 
confounding or associated factors. Another common 
way to report the association between a factor and low 
back pain is the relative risk , which is calculated by 
dividing the incidence of back pain amongst the 
persons with the factor by the incidence of back pain 
amongst the persons without the factor. For rare 
diseases, the odds ratio and the relative risk are 
approximately the same. For common illnesses, like 
low back pain, the odds ratio will always be greater 
than the corresponding relative risk. Case-control 
studies, by their design, only permit the calculation of 
odds ratios. To estimate a relative risk, a cohort study 
is needed. 


Frequency of back pain 


Table 2.1 presents some of the studies over the past 
20 years that have reported measures of the fre- 


quency of back pain. These studies have been 
performed in different countries, at different times, 
using different definitions of back pain and measur- 
ing back pain in different ways. All of these make 
direct comparisons from one study to another prob- 
lematic. Still, some conclusions may be drawn. First 
is that most of the data about the epidemiology of 
back pain come from North America, the UK and 
the Scandinavian countries. We know very little 
about the epidemiology of back pain in most other 
parts of the world. Secondly, back pain is very 
common. Estimates of the yearly incidence range 
from 1.4 to 4.9%, point prevalence ranges from 
around 10 to over 50%, and lifetime prevalence 
ranges from about 14 to over 70%. Even the con- 
servative estimates of the frequency of back pain 
mean that in most countries millions of people are 
affected. Thirdly, the estimate of the frequency 
probably depends upon how you measure it. For 
example, the lifetime prevalence for any occur- 
rence' of low back pain in one study was 75% 
(Heliovaara, 1989b), but when defined in another 
study as back pain on most days for at least two 
weeks' the lifetime prevalence was just 13.8% 
(Deyo, 1987). Comparing these two studies is made 
difficult because, although in each study an individ- 
ual’s response to a survey question was the measure 
of back pain, the severity of that pain is clearly 
different. Lastly, because of major differences 
between studies, it is not possible to tell whether or 
not the frequency of low back pain has been 
changing over time. A recent systematic review of 
the Scandinavian literature on back pain reached the 
same conclusion (Leboeuf-Yde, 1996). 
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Brattberg (1989) 

Sweden 

Random sample of adults 
living in a county in Sweden 

827 

Answe rs to mail or telephone 
survey about ‘any pain or 
discomfort' 

Total prevalence = 3 1 %; LBP of < 1 
month = 8%; LBP of > 6 months = 

20% 

Heliovaara (1989) 

Finland 

Random sample of Finnish 
adults over age 30 

7217 

Answers to survey about lifetime 
occurrence of LBP 

LBP ever = 75%; six or more episodes 
= 45%; LBP in previous month = 21% 

Bredkjaer (1991) 

Denmark 

Random sample of Danish 
adults 

4 753 

Answers to personal interview 
about LBP of > 6 months of LBP 
in previous 2 weeks 

Prevalence of LBP > 6 months = 12%; 
prevalence of LBP in past 2 weeks = 

23% 

Walsh (1992) 

UK 

Random sample of adults 
living in eight geographic areas 

2 667 

Answers to survey about LBP of 
greater than 1 day in past year, or 
ever 

1 year period prevalence = 36%; 
lifetime prevalence = 58% 

Shekelle (1995a) 

USA 

Random sample of adults 
living in six geographic areas. 
Representative of the non- 
elderly USA population 

3105 

Any health care visit for the 
patient-reported symptom of back 
pain 

22% of persons had at least one back 
pain visit over a 3 to 5-year period 

Papageorgiou (1995) 

UK 

Adults registered to two family 
practices in Manchester 

7699 

Answers to survey about pain of 
greater than 1 day in past month; 
and question about LBP ever 

1 month period prevalence = 39%; 
prevalence of LBP ever = 59% 

Special population studies 

Frymoyer (1980) 

USA 

All patients of a large family 
practice 

3 920 

Any medical visit for LBP 

10.2% of all patients had at least one 
LBP visit within 3 years 

Crook (1984) 

Canada 

Households on the rosta of a 
group family practice 

827 

Answers to telephone survey 
about being often troubled' or 
having 'noteworthy' pain in past 2 
weeks 

Point prevalence = 4.2% 

Venning (1987) 

Canada 

All nurses at 10 facilities 

4 306 

Back complaint reported to 
employee health office 

Annual incidence = 4.9% 

Von Korff (1988) 

USA 

Enrollees of a large Health 
Maintenance Organization in 
Seattle 

1 016 

Answers to mail survey about 
back pain problems in the prior 6 
months 

Prevalence = 41% 

Bergenudd (1988) 

Sweden 

Cohort of persons living in 

Malmo who were 55 years of 
age at the time of the study 

575 

Answers to health survey about 
pain, pain drawing 

Point prevalence = 29% 

Tuomi (1991) 

Finland 

Municipal workers 44-58 
years of age 

4 255 

Answers to survey 

Incidence over 4 years of LBP and 
sciatica was between 12% and 21% 
depending on gender and type of 
work; prevalence varied from 22% to 
32%. 

Rundcrantz (1991) 

Sweden 

Dentists 

359 

Answers to survey 

Prevalence of LBP among males = 


35%; among females = 49% 
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Table 2.1 Continued 


Reference/year 

Country 
of origin 

Population 

Sample 

size 

How low back 
pain was defined 

Findings 

Rotglotz (1992) 

Israel 

Pharmaceutical factory 
workers 

208 

LBP by report to physician- 
directed questionnaire 

66% of workers reported LBP; 17% 
reported pain lasting > 3 wk' 

Salminen (1992) 

Finland 

1 4-year-old school children 

1 503 

Answers to survey 

Lifetime prevalence = 30% 

Anderson (1992) 

USA 

Oakland bus drivers 

128 

Medical interview and physical 
examination, pain on examination 

Any low back pain on examination = 
66% 

Bigos (1992) 

USA 

Manufacturing workers 

3020 

Back injury incident report or 
claim 

4-year cumulative incidence rate = 

9.2% 

Moffett (1993) 

UK 

Student nurses 

199 

Daily recording of pain drawing 

64% of nurses reported at least 1 day 
of LBP over 20-month period; 37% 
had back pain of at least 3 days 

Chiou(1994) 

China 

Medical centre nurses 

3159 

Answers to survey 

Point prevalence of 13.9%; lifetime 
prevalence of 78% 

Ebrall (1994) 

Australia 

Male adolescents in secondary 
school 

610 

Current LBP or recall of any back 
pain ever 

17% reported current LBP; 57% 
reported current or past LBP 


LBP = low back pain 

NHANES = National Health and Nutrition Examination Survey 
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25-34 35-44 45-64 55-64 >65 

Decade of Age 

Figure 2.2 Low back pain prevalence according to age. 
Only episodes lasting at least 2 weeks were considered. 
'Sciatica’ was defined as pain that radiated to the legs and 
that increased with cough, sneeze or deep breathing. 
(Reproduced with permission from Deyo, R (1987) Spine, 
12(3), 265.) 


Based on these data, it is reasonable to conclude that 
back pain has an annual incidence in the adult 
population of around 2-5%, that the point prevalence 
for back pain is around 15-25%, and the lifetime 
prevalence for any back pain ever is probably well over 
50% of the population. Longer or more severe 
episodes of back pain occur less frequently. Back pain 
with sciatica occurs with a lifetime prevalence of 
around 5-10%. The prevalence of low back pain rises 
with increasing age, and then falls after age 65 (Figure 
2.2). Why the cumulative incidence of low back pain 
falls after age 65 is unknown, but may be related to 
recall bias among persons over the age of 65, 
differential mortality among persons with and without 
back pain (persons with back pain may die at a 
younger age due to other illnesses), or a cohort effect 
(persons currently over age 65 have always had a 
lower prevalence of back pain than persons born more 
recently, for unexplained reasons). 


Risk and prognostic factors 


The literature on risk and prognostic factors has been 
exhaustively reviewed several times since Anders 
son’s seminal 1981 article (Heliovaara, 1989a; Pope, 
1989; Garg, 1992). Little evidence has been produced 
to alter the conclusions of previous reviews. Table 2.2 
summarizes many of the primary studies reporting 
data on risk and prognostic factors for low back pain. 
As in studies of the frequency of back pain, most of 
our information about risk and prognostic factors 
comes primarily from North America and the Scandi- 
navian countries. Table 2.3 lists the principal studied 
risk and prognostic factors by their strength of 
association with back pain, which is a combination of 


the consistency of the evidence and the magnitude of 
the association. What follows is a best evidence 
synthesis of the data supporting various postulated 
risk and prognostic factors. 


Strongly associated factors 

The factor which has the strongest association with 
back pain is history of previous back pain. No 
other factor approaches a prior history of back pain 
in terms of the strength or magnitude of the 
association with future back pain. In eight pro- 
spective cohort studies or case-control studies of 
low back pain, the prior history of low back pain 
had an adjusted odds ratio predicting back pain 
ranging from 1.3 to 16.5, with most studies report- 
ing adjusted odds ratios of between 3 and 5- In most 
of these studies, prior history was the most sig- 
nificant association predicting back pain. This is 
probably because recurrence of back pain is so 
common that back pain may be thought of as a 
chronic illness with intermittent symptomatic peri- 
ods. As previously shown in Figure 2.2, there is an 
increasing prevalence of back pain with increasing 
age, reaching its maximum in the fifth and sixth 
decades, and then declining thereafter. There is a 
twofold increase in prevalence of back pain 
between persons in their sixth decade as compared 
to persons in their third decade. Several studies 
have shown that factors such as depression, job 
dissatisfaction, and emotional distress are as 
strongly (or even more strongly) associated with 
low back pain than job ergonomics and baseline 
measures of spinal function (Bongers, 1993). In the 
Boeing study (Bigos, 1991b), low job enjoyment and 
high distress scores on the Minnesota Multiphasic 
Personality Inventory were two of the strongest 
predictors of subsequent report of low back pain 
symptoms, with relative risks of 1.7 and 1.4, respec- 
tively. In another prospective cohort study, low job 
satisfaction was the third most important variable in 
predicting subsequent back injury report (after his- 
tory of previous injury and smoking status - Ready, 
1993). Several job factors have been strongly asso- 
ciated with back pain. The most important of these 
is heavy or repetitive lifting, particularly if com- 
bined with bending and twisting. Lifting has been 
associated with over 50% of worker’s reported back 
injuries, and a history of heavy or repetitive lifting 
is seen twice as often in persons with back pain as 
in persons without back pain. An early prospective 
cohort study (Chaffin, 1973) found the incidence of 
low back pain to be twice as high in persons 
working jobs that have heavy spinal loading require- 
ments compared with other jobs. A more recent 
prospective cohort study (Riihimaki, 1994) found 
that carpenters were 50% more likely than office 
workers to report low back pain during 3 years of 
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Table 2.2 Risk/prognostic factors for low-back pain 


Reference/year/ 
country of origin 

Study type 

Study subjects 

Factors studied 

Findings 

Battie (1989a) 

USA 

Prospective cohort 

3020 aircraft 
manufacturing workers 

Cardiovascular fitness; smoking; demograpliic 
factors 

Smoking, but not cardiovascular fitness, was 
associated with LBP over a 4-year follow up 

Battie (1989b) 

USA 

Prospective cohort 

3020 aircraft 
manufacturing workers 

Isometric lifting strength; demographic 
factors 

No association between isometric lifting strength 
and LBP over a 4-year follow up 

Battie (1990a) 

USA 

Prospective cohort 

3020 aircraft 
manufacturing workers 

Anthropometric and clinical measures; 
demographic factors 

Back symptoms on straight leg raising in both 
men and women, age and weight in women, and 
age and history of back problems in men were 
the only factors associated with LBP over 4 years 
of follow up. 

Battie (1990b) 

USA 

Prospective cohort 

3020 aircraft 
manufacturing workers 

Spinal flexibility 

No association between spinal flexibility and 
future back pain reporting over a 4-year follow up 

Bigos (1991b) 

USA 

Prospective cohort 

1576 aircraft 
manufacturing workers 

Work perceptions and psychosocial factors; 
history of prior back problems; demographic 
factors 

Current back pain, job dissatisfaction, and 
emotional distress had the strongest association 
with LBP over a 4-year follow up 

Boshuizen (1993) 
Netherlands 

Cross-sectional 

4054 working men 
between ages 25-55 

Cigarette smoking; occupation 

Moderate association between smoking and LBP 

Cady (1979) 

USA 

Prospective cohort 

1 900-fire-fighters 

Physical capacities 

Increased fitness was associated with a decreased 
number of worker’s compensation claims for 
back injury over a 3-year follow up 

Chaffin (1973) 

USA 

Prospective cohort 

41 1 workers in jobs 
requiring some manual 
labour 

Job lifting strength rating (LSR) calculated for 
each job taking into account the amount lifted 
and distance of the object from the person for 
two-handed sagittal plane lifting 

Load lifting was associated with increased LBP 
over 1 year of follow up 

Daltroy (1991) 

USA 

Case-control 

228 cases, 228 controls, 
postal workers 

Job classification, ergonomic factors, 
demographics, worker’s compensation 
history 

History of a back injury claim, younger age, 
recent job change, and history of non-back injury 
claim were associated with LBP 

Deyo ( 1 989) 

USA 

Cross-sectional 

10 404 respondents 
representative of the 

USA 

Smoking and obesity 

Heavy smoking and obesity were independently 
associated with LBP 

Dueker (1994) 

USA 

Prospective cohort 

230 applicants for heavy 
manual labour work 

Isokinetic trunk strength; lifting strength 

No association between isokinetic trunk 
evaluation and LBP over a 6-year follow up 

HbraU (1994b) 
Australia 

Case-control 

38 schoolboys between 
ages 12 and 19 

Anthropometric dimensions 

Four of 13 measurements (sitting height, pelvic 
height, suprapelvic height and upper body 
segment) were associated with low back pain 

Harber(1994) 

USA 

Prospective cohort 

1 79 nurses 

Worksite factors; prior back pain; 
psychosocial factors; training 

Only prior significant back pain episode was 
associated with LBP over an 1 8-month follow up 

Heliovaara (1991) 
Finland 

Cross-sectional 

5673 Finnish adults 
between 30 and 64 years 
of age 

Occupational physical stress, occupational 
mental stress, anthropomorphics, 
sociodemographic factors 

Age. prior traumatic back injury, occupational 
physical and mental stress, and cigarette smoking 
were associated with LBP 

Leino etal. (1987) 
Finland 

Prospective cohort 

902 factory' workers 

Muscle function 
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No association between muscle function and LBP 
over a 1 0-year follow up 




Leino etal.i 1988) 
Finland 

Prospective cohort 

502 factory workers 

Physical load 

A weak association between physical workload 
and LBP over a 5-year follow up 

Leino and Magni 
(1993) 

Finland 

Prospective cohort 

607 factory workers 

Stress and depressive symptoms 

Depressive symptoms were associated with LBP 
over a 5-year follow up 

Leino (1993) 

Finland 

Prospective cohort 

607 factory workers 

Leisure time physical activity; 
sociodemographic factors 

Moderate inverse relationship between physical 
activity and low back morbidity over 5-year 
follow up 

Mostardi ( 1 990) 

USA 

Prospective cohort 

171 nurses 

Isokinetic lifting strength; medical history 

No association with LBP over 2-year follow up 

Nissinen (1994) 
Finland 

Prospective cohort 

894 Finnish fourth grade 
children 

Anthropomorphics 

Modest association between sitting height and 
trunk asymmetry with the occurrence of LBP 
over a 3-year follow up 

Nuwayhid (1993) 
USA 

Case-control 

415 cases, 109 controls, 
fire-fighters 

Ergonomic factors, demographics, 
psychosocial factors 

Certain job characteristics were associated with 
LBP 

Pietri (1992) 

France 

Prospective cohort 

1118 commercial 
travellers 

Lifestyle and work factors 

Time spent driving a car, carrying loads, standing 
for long periods, smoking, and psychosomatic 
factors were associated with LBP over a 1-year 
follow up 

Punnett (1991) 

USA 

Case-control 

95 cases, 124 controls, 
automobile assembly 
workers 

Ergonomic factors, demographics, medical 
history, non-work physical activities 

Trunk flexion and trunk twist or lateral bend 
were associated with LBP 

Ready (1993) 
Canada 

Prospective cohort 

131 nurses 

Fitness and lifestyle factors 

Prior compensation for a back injury, smoking, 
and job satisfaction were most strongly associated 
with LBP over an 18-month period 

Riihimaki ( 1 989) 
Finland 

Prospective cohort 

419 labourers 

Demographics; anthropomorphic and 
physical capacities; medical history; X-ray 
findings 

Previous history of back symptoms had the 
greatest association with sciatic pain over a 5-year 
follow up, body mass index, smoking, and 
abdominal muscle strength did not 

Rossignol (1993) 
Canada 

Prospective cohort 

205 male aircraft 
assembly workers 

'Spinal health indicators’; demographics; 
medical history; psychosocial factors at work 
and home 

Limitation of performing at work, or in activities 
of daily living, and a history of compensation 
were all independently associated with back pain 
over 1-year follow up 

Ryden (1989) 

USA 

Case-control 

84 cases, 168 controls, 
hospital employees 

Demographics, anthropomorphics, 
psychosocial factors, medical history and 
examination 

History of LBP was significantly associated with 
current LBP, smoking was not 

Virta (1993) 

Finland 

Case-control 

46 pairs of adults aged 
45-64 

Spondylolisthesis 

Women with spondylolisthesis have slightly more 
mild back symptoms than women without 
spondylolisthesis. No difference in men 

Venning (1987) 
Canada 

Prospective cohort 

4024 nurses at 1 0 
facilities 

Job category, lifting requirements, 
demographics, anthropomorphics, medical 
history 

Service area, lifting, job category, and previously 
reported back injury were all associated with the 
reporting of LBP during 1 -year follow up 

Zwerling (1993) 
USA 

Case-control 

8183 postal workers; 

1 54 subjects with LBP 
and 942 controls 

Job classification, gender, age, history of back 
injury, pre-existing disability, body mass 
index, history of work-related injury, history 

Only heavy job classification and history of 
disability were associated with LBP 


of psychiatric disorder, history of substance 
abuse 
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Table 2.3 Risk/prognostic factors for low back pain 


Strongly associated 

Prior history of back injury 
Age 

Job satisfaction/emotional distress 

Heavy or repetitive lifting/heavy physical work 

Prolonged sitting or standing 

Moderately associated 

Vibration 

Smoking 

Obesity 

Height 

Physical fitness 

Weakly associated or not associated 
Gender 

Anthropometry 
Lumbar mobility 
Trunk strength 

Radiographic structural abnormalities 


observation. Lastly, static work postures (prolonged 
sitting or standing) are associated with an 
increased prevalence of low back pain, with esti- 
mates of the adjusted odds ratio being around 2. 

Moderately associated factors 

Exposure to vibration has been the subject of several 
studies, and in some cross-sectional studies it is one 
of the factors most strongly associated with low back 
pain (Frymoyer, 1980). Estimates of the relative risk 
for the association between vibration and low back 
pain have been around 2. However, prospective 
evaluations have been few A systematic review 
concluded that long-term exposure to whole body 
vibration is probably harmful to the spinal system’ 
but called for better quality studies before drawing 
any firm conclusions (Hulshof, 1987). Several pro- 
spective studies and many cross-sectional studies 
have reported an association between cigarette 
smoking and low back pain. Most report a relative 
risk in the range of 1.5. Some studies have failed to 
confirm this association. While a recent systematic 
review could not conclude that there was clear proof 
for a causal effect of cigarette smoking on low back 
pain (Leboeuf-Yde, 1996), there are plenty of other 
good reasons to recommend patients cease smoking, 
as noted by Lahad (1994). Obesity has been found in 
several cross-sectional studies and some, but not all 
prospective studies, to be associated with low back 
pain. Although a causal relationship is not proven, as 
for cigarette smoking there exist plenty of good data 


to recommend weight reduction to back pain 
patients. Taller body height was related in one 
prospective study to the incidence of sciatica, but not 
to other low back syndromes, with a barely statis- 
tically significant odds ratio of 1.2 (Heliovaara, 1991). 
In other studies low back pain was more common in 
taller persons. Physical fitness was studied pro- 
spectively in fire-fighters; a 10-fold increase in the 
incidence of low back injuries was found between 
the least fit fertile and the most fit tertile (Cady, 
1979). A second prospective study of back pain 
amongst nurses failed to confirm this association 
(Ready, 1993) Lahad (1994) concluded that exercise 
is effective at preventing low back pain, but that the 
effect was modest. 

Weakly associated or not associated 
factors 

There is no clear association between gender and the 
frequency of low back pain. With the possible 
exceptions of obesity and height, there have been 
several negative prospective studies of other anthro- 
pomorphic measurements, and any association, if it 
exists at all , is probably very weak. There is evidence 
that reduced spinal mobility or flexibility is not 
associated with an increased incidence of low back 
pain, and there have been several negative pro- 
spective studies of trunk strength and back pain. With 
few exceptions, structural abnormalities seen on 
lumbosacral radiographs (osteoarthritis, degenerative 
changes, spondylolisthesis, sacralization, etc.) have 
not consistently been shown to predispose a person 
toward low back pain. Severe osteoporosis, because 
of its association with macro- or microvertebral 
fractures, is probably the most common radiographic 
finding which is associated with low back pain. 


Health care utilization and cost 


As opposed to the uncertainty about whether the 
occurrence of low back pain is increasing or not, 
there is no doubt that the frequency and cost of the 
use of health services for low back pain is increasing 
dramatically. Studies from both the USA and the UK 
show that the rate of sickness days due to back pain 
and the rate of lumbar spine surgery have been rising 
rapidly in the past decade (Figure 2.3) While rates of 
back surgery and disability' are rising, in the USA non- 
surgical hospitalizations for low back pain have 
decreased by 73% between 1979 and 1990 (Taylor, 
1994), and the number of physician office visits has 
increased (from 12 million to 15 million annually; 
with the proportion of office visits for low back pain 
remaining remarkably stable for the past decade: 
Hart,. 1995). 
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Figure 2.3 Sickness benefit for low back pain in Britain (A) and (B) low back surgery rates per 100000 
adults, overall and by procedure, 1979-1990. (A reproduced with permission from Deyo, R.-0993) 
sprue, 18(15), 2155; B reproduced with permission from Deyo, R. ( 1 994) spine, 19(11), 1209.) 


The rate of lumbar surgery varies greatly amongst 
different countries. Cherkin and colleagues (1994) 
assessed the rate of back surgery in countries from 
North America, Scandinavia, Europe, Australia and 
New Zealand. Their results, displayed in Figure 2.4, 
show five fold variations in the rate of back surgery, 
with the lowest rates observed in Scotland and 
England, and the highest rates in the USA. The rate of 
back surgery in the USA was 40% higher than the next 
highest country (the Netherlands). The rate of back 
surgery in these countries was strongly associated 
with differences in the supply of orthopaedic sur- 
geons and neurosurgeons. 

In the USA there is also marked regional variation in 
the rate of low back surgery. Amongst the counties that 


compose the state of Washington, rates of surgery for 
low back pain varied from 11.5/100000 to 
172/100000; a difference of nearly 15-fold (Volinn, 
1992). The ability to account for this variation through 
differences between counties in occupations, socio- 
economic conditions, surgeon density, available hospi- 
tal beds, the primary payer of care, and health care 
availability was limited. It is likely that practice style’ 
of the physicians in the various communities con- 
tributes greatly to the differences in surgical rates. 
Similar variations have been seen across large geo- 
graphic areas of the USA. The annual rate of back 
surgery varies over 30%, from a low of 1 13 to a high of 
171 operations per 100 000 adults in the West and 
South, respectively (Taylor, 1994). Lastly, geographic 
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Figure 2.4 Ratios of back surgery rates in selected countries to back surgery rate 
in the USA (1988-1989) (Reproduced with permission from Deyo, R. (1994) 
Spine, 19(11), 1203.) 


variations have also been shown in the USA for the 
occurrence of any back pain visit to a health 
professional (Shekelle, 1995a). In that study, geo- 
graphic region of the country was a stronger predictor 
of a back pain visit than were patient sociodemo- 
graphic factors such as age, gender, employment 
status, education, and occupation. 

Persons with back pain may seek care in the USA 
from a variety of providers. In two studies that 
examined this issue, general practitioners, chiroprac- 
tors, and orthopaedists were the most commonly 
sought providers by patients with back pain (Deyo 
1987; Shekelle 1995b). In both studies, marked 
regional variations again were seen in the frequency 
with which patients sought care from different 
providers. 

With all of this increase in health care use, it is no 
surprise that the costs associated with low back pain 
are both large and rising. The total annual US workers' 
compensation costs for 1977 was estimated at $4.6 
billion (Andersson, 1991). By 1989, this figure had 
risen to $11.4 billion (Webster, 1994). Between 1980 
and 1986 there was an estimated 241% increase in the 
total recoverable cost of low back pain (Webster, 
1990). Low back pain is the most important compo- 
nent of workers’ compensation costs. In the most 
recent analysis of the experience of the largest US 
underwriter of such insurance (Webster, 1994), the 
mean cost of a low back pain case was $8321 (in 1989 
US dollars), which was more than twice the amount of 
the mean cost of all workers’compensation claims. 
This is also reflected by the percentage of low back 
cases to total cases in terms of numbers and costs. 
While low back cases accounted for 16% of the total 
number of cases, the total cost of low back cases 
accounted for 33% of the total costs of all cases. 


Additionally, the median cost of a low back pain case 
was $396, indicating that the distribution of costs was 
substantially skewed. Twenty-five percent of the low 
back pain cases accounted for 96% of the costs. Lastly, 
between 1986 and 1989, the mean cost per case rose 
almost twice as fast as the consumer price index, the 
mean cost of indemnity payments per case rose at over 
twice the rate of the mean national wage, and the 
mean cost per case rose somewhat faster than the 
mean increase in overall medical care costs. Experi- 
ences such as these cause increased payments by 
employers for workers’ compensation insurance, 
which is then passed on either to the consumer in the 
form of higher prices or to the worker in the form of 
lower direct economic compensation. 

Summary 


Low back pain is common, with an annual incidence 
in the adult population of between 2 and 5%, a point 
prevalence of 15-25%, and a lifetime prevalence of 
probably well over 50%. A history of previous back 
pain, increasing age up to late middle age, depres- 
sion, job dissatisfaction, emotional distress, heavy or 
repetitive lifting and static work postures are the 
factors most strongly associated with the occurrence 
of low back pain. However, these factors taken 
together explain relatively little of the variation in the 
occurrence of low back pain between different 
populations. The health care cost and disability due to 
low back pain are rising at alarming rates. Low back 
pain is the most important component of workers’ 
compensation costs. Most of the health care costs 
associated with low back pain are due to extraordi- 
nary costs for a small percentage of patients. 
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Introductory graphic anatomy of the 
lumbosacral spine 

L.G.F. Giles 


Brief introduction 


The human vertebral column is a remarkable struc- 
ture consisting of many parts, which should be 
considered as an integrated unit (Morris, 1973; 
Hilton, 1980), the spinal organ’. It combines strength 
and flexibility by alternately interposing rigid bony 
vertebrae with deformable cartilaginous discs (Taylor 
andTwomey, 1980) which live because of movement 
(Kraemer et al., 1985). The intervertebral disc acts as 
a shock absorber between adjacent vertebral bodies; 
its gelatinous nucleus pulposus (the remnant of the 
notochord) efficiently dissipates mechanical stress 
(Keim and Kirkaldy-Willis, 1987). 

In the average adult, the entire spine is about 70 cm 
long in the male and 60 cm long in the female 
(Bullough and Boachie-Adjei, 1988) including a 
length of approximately 18cm for the lumbar spine. 
However, the length of the spine varies throughout a 
24-hour period, a phenomenon termed diurnal or 
circadian changes, with height greater in the morning 
than in the evening in young adults. A daily height 
change of up to 1% has been recorded (DePuky, 1935; 
Tyrrell et al . , 1985; Wing et al . , 1992) with approx- 
imately 8 mm (40%) of the height gain occurring in 
the lumbar spine, representing approximately 2 mm 
per lumbar intervertebral disc (Wing et al., 1992). 
Normally there are five lumbar vertebrae, each of 
which comprises two principal parts: (a) the anterior 
vertebral body, which is composed of spongy bone 
covered by a thin layer of compact bone, and (b) the 
posterior vertebral arch with its processes (Koreska 
et at, 1977) (Figures 3.1 and 3.2). The basic 
functional unit consists of an articular triad: two true 


diarthrodial synovial zygapophysial joints and the 
corresponding amphiarthrodial cartilaginous joint 
between the vertebral bodies (Lewin et al, 1961; 
Keim and Kirkaldy-Willis, 1987). 


Graphic examples 


Graphic examples of a partly macerated human spine 
extending from the thoracolumbar junction to the 
sacrum in an 83-year-old male are shown in Figures 
3.1-3 3 and its corresponding 45 degree oblique 
radiographic projection is shown in Figure 3.4. An 
embalmed human spine (T10-S1) from a 52-year-old 
male, which has been bisected in the sagittal 
(median) plane, is shown in Figure 3 5 with its 
corresponding radiographic projections in Figure 3.6. 
Some histological sections from the eleventh thoracic 
(Til) vertebra to the lumbosacral joint are included 
in order to give a more comprehensive graphic 
understanding of the anatomy of the lumbosacral 
spine, with its adjacent lower thoracic and sacroiliac 
joints. Greater detail is given for lower thoracic and 
sacroiliac joints in Chapters 12 and 11, respectively. 
The following chapters provide detailed descriptions 
of each part of the lumbosacral spine and its 
associated structures. 

An anterior view of the partly macerated lumbosac- 
ral spine is shown in Figure 3.1. 

An oblique view radiograph of the partly macer- 
ated spine is shown in Figure 3.4 to demonstrate the 
pars interarticularis (isthmus) for each vertebra and 
the radiograph has been reproduced to emphasize 
the zygapophysial (facet) joints of this spine. 
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Figure 3.2 Lateral view of the specimen in Figure 3.1. A = 
accessory process; D = intervertebral disc; F = foramen’ of 
intervertebral canal; 1C = intermediate crest (articular 
tubercles); IL= interspinous ligament remains; L = lamina; M 
= mamillary process; MC = median sacral crest (spinous 
tubercles); P = pedicle; PI = pars interarticularis (or isthmus) 
region; SP = spinous process; S = superior articular process 
of first lumbar (LI) vertebra; SI = sacroiliac articulation; SP 
= sacral promontory; T = transverse process; VN = vertebral 
notches (superior and inferior, respectively) 


Figure 3-1 Anterior view of a partly macerated lumbosacral 
spine from an 83-year-old male. The vertebral bodies (V) are 
separated by intervertebral discs (D) which show a pattern 
of various directions taken by the collagen fibres of the 
anulus fibrosus A = sacral ala; R = part of right twelfth rib; 
SI = part of the sinuous sacroiliac joint; P = sacral 
promontory; T = transverse process. 
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Figure 3-4 A 45 degree oblique radiographic view of the 
lumbosacral spine highlighting the left (IT) zygapophysial 
joints (Z) with their facets (F).The inferior (LAP) and superior 
(SAP) articular processes are shown. D = intervertebral disc 
space; l = lamina of opposite side seen on cross section; P = 
pedicle; PI = pars interarticularis; S = sacral superior articular 
process; SP = spinous process; I' = transverse process. 


Figure 3-3 Posterior view of the specimen shown in Figures 
3.1 and 3-2. A = accessory process; LAP = inferior articular 
process; 1C = intermediate crest; II. = interspinous ligament 
remains; LC = lateral crest (transverse tubercles); M = 
mamillary process; MC = median sacral crest; PI = pars 
interarticularis (or isthmus); broken line; R = part of right 
twelfth rib with costovertebral joint; S = spinous process; SAP 
= superior articular process; SF = sacral foramen (dorsal); SN 
= superior sacral notch. Broken line rectangle shows part of a 
synovial zygapophysial (facet) joint. Tropism is seen between 
the left and right paired zygapophysial joints at the L2-3 and 
L3-4 spinal levels in particular. Advanced osteoarthrotic 
osseous changes are noted involving some of the zygapophy- 
sial joints, for example at L4-5 bilaterally and on the right side 
atT12-Ll and LI -2. Osteophytic lipping (circle) of the left 
and right costovertebral (synovial) joints. The dotted refer- 
ence line shows the approximate level of the histological 
section in Figure 3-20 which was prepared from an 
embalmed specimen. 
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Figure 3-5 A bisected embalmed human spine (T10-S1/2) from a 52-year-old male. A = anuius fibrosus 
fibres; ALL = Anterior longitudinal ligament; BF = basivertebral vein foramen; C = cauda equina nerve root 
trunks; CM = conus medullaris; D = intervertebral disc; DT = dural tube within the spinal canal showing its 
dura mater (d) and arachnoid mater (a), the pia mater terminating at the end of the conus medullaris and 
fusing into a long slender filament, the filum terminale; EP = endplate of vertebra; IL = interspinous ligament; 
L5 = fifth lumbar vertebral body; LF = ligamentum flavum; NP = nucleus pulposus; NRT = nerve root trunks 
passing within the dural tube towards the intervertebral canal; PLL = posterior longitudinal ligament; RA = 
radicular arteries; S = spinous process; SL = supraspinous ligament; SI = first sacral segment; T = trabeculae 
running vertically and transversely within the cancellous bone of the vertebral body which is surrounded by 
a shell of compact bone. T12 = twelfth lumbar vertebral body. 
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Figure 3-6 Radiograph of the bisected spine shown in Figure 3-5. BF = basivertebral vein foramen; D = 
intervertebral disc space; F = intervertebral canal foramen’; 1AP = inferior articular process; L = lamina; L5 
= fifth lumbar vertebral body; P = pedicle; S = spinous process; SAP = superior articular process; SI = first 
sacral segment; SP = sacral promontory, T = trabeculae;Tl 2 = twelfth lumbar vertebral body;TVP = transverse 
process; VN = vertebral notches superiorly and inferiorly, respectively; Z = zygapophysial synovial joint 
between the superior and inferior articular process facets. The three functional components of a vertebra, i.e. 
vertebral body (VB), pedicles OP) and the posterior elements OPE), are shown by the broken white lines which 
are parallel to the anterior and posterior margins of LI vertebra. The broken white lines passing through the 
T10 and Til intervertebral discs relate to similar lines on Figure 3 5 and give the approximate region from 
which a block of osteoljgamentous tissues was sectioned from another spine to produce the superior to 
inferior radiographic view shown in Figure 3.7. 
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Note the numerous radicular arteries (RA) accom- 
panying the nerve root trunks of the cauda equina as 
these pass caudally through the dural tube to their 
respective intervertebral canals in Figure 3 5. The 
nerve roots are bathed in cerebrospinal fluid from the 
spinal cord to the intervertebral foramen. The broken 
parallel lines at Til (Figures 3 5 and 3.6) show the 
approximate region from which a block of osteoliga- 
mentous tissues was sectioned from another spine, 
then radiographed in the superior to inferior position 
as shown in Figure 3.7. 

The left half of the bisected spine shown radio- 
graphically in Figure 3.6 clearly demonstrates how 
the superior to inferior dimension of the fourth and 
fifth spinous processes is considerably less than that 
of the second and third spinous processes. This 
enables a normal lordosis to develop. These lateral 
radiographic views also show how the plane of the 
zygapophysial joints is more coronal in the lower 
spine, thus enabling the joint facets to be seen in 
lateral projection. The more cephalad zygapophysial 
joints of the lumbar spine are more coronally 
orientated, which prevents them from being seen in 
the lateral projection. The more coronal orientation 
of the lower lumbar zygapophysial joints helps to 
resist postero-anterior shearing stresses at these 
levels. 

It is interesting to note from Figure 3.6 that the 
intervertebral canal (foramen) between the fifth 
lumbar (T5) and first sacral segments (SI) is the 
smallest of the lumbar intervertebral foramina even 



Figure 3.7 Superior view radiograph of a thoracic vertebra 
at the Til level with parts of the left and right ribs. C = 
costovertebral (synovial) |Oint; RA = ring apophysis of 
conical bone; RH = rib head; S = spinal canal; V = vertebral 
body showing trabecular pattern due to the small bony 
trabeculae (T) which run in various planes within the 
cancellous bone (spongiosa); Z = zygapophysial synovial 
joint. The osseous neural arch (broken line) which sur- 
rounds the neural structures is attached to the back of the 
vertebral body by the pedicles which form part of the arch. 
This is representative of the Tl) spinal region shown in 
Figure 3.5 A histological section from the rib head level of 
the vertebra in this figure is shown in Figure 3 8. 


though the fifth lumbar spinal nerve is the largest of 
the lumbar spinal nerves (Brailsford, 1929; Mitchell, 
1934; Epstein, I960). 

A superior to inferior radiographic view of the 
osteoligamentous block of tissues associated with the 
Tl 1 vertebra from a different spine is shown in Figure 
3.7 which is representative of the spinal level shown 
in Figures 3 5 and 3.6. A histological section cut 
through the rib head level of this vertebra is shown in 
Figure 3.8. 

The trabeculae within the cancellous bone can be 
seen forming an irregular mosaic pattern which is 
particularly obvious within the vertebral body (Figure 
3.8). The trabeculae give strength to the vertebral 
bodies, and the intertrabecular spaces are filled with 
blood which also helps to transmit the weights 
associated with load-bearing (White and Panjabi, 
1978). It should be remembered that the cancellous 
(spongy) bony tissue of the spine contains spaces 
filled with red marrow, the cells of which produce 
blood cells (haemopoiesis) (Tortora and Grabowski, 
1993). 



Figure 3-8 Superior to inferior view of a 200 pm thick histo- 
logical section cut through the rib head level of the vertebra 
shown in Figure 3.7 which was from a 40-year-old male. Note 
the contents of the spinal canal where the spinal cord is 
protected within the dural tube (D).The black arrow shows a 
denticulate ligament between the anterior and posterior 
nerve roots which helps to protect the cord against shock 
and sudden displacement as it floats within the cerebrospinal 
fluid. FRH = facet, with hyaline articular cartilage, for rib 
head; L = lamina; P = pedicle; RH = rib head with hyaline 
articular cartilage; S = spinous process with muscles on its left 
and right sides. Note the synovial fold projecting into the 
right costovertebral joint cavity from its posterior margin. 
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Figure 3-9 A,B. Block of spinal osteoligamcntous tissues from the upper lumbar spine of a 52-year-old female, cut in the 
sagittal plane, showing parts of the first CL 1) and second (L2) vertebral bodies with adjacent intervertebral discs (D), LAP 
= inferior articular process (see Figure 3 5 for lower power orientation). A: NRT = Nerve root trunks of the cauda equina 
within the dural tube (DT) passing caudally towards the intervertebral canals The metal probe reflects the dural tube 
(DT) to show the epidural membrane (E) between the dura and the posterior longitudinal ligament (PL); L = lamina B: 
The melal probe shows the epidural membrane (E) between the reflected dura and the ligamentum flavum (LF). 


In Figure 3.5 the conus medullaris, which is 
covered in pia mater which terminates at the end 
of the conus medullaris and fuses into the filum 
terminale internum (Dorwart and Genant, 1983), is 
shown within the upper lumbar part of the dural 
tube which, under normal circumstances, is 
protected within the spinal canal by the epidural 
fat which surrounds it The cauda equina nerve 
root trunks passing caudally through the dural tube 
to their respective intervertebral canals are shown 
in Figure 3 5 and in another specimen as shown in 
Figures 3 9 A and B. In these figures, an epidural 
membrane is also interposed between the dura and 
ligamentum flavum (Hasue el at , 1983) (Figure 
3.9). 

In Figure 3.10 a metal probe has been inserted 
beneath the arachnoid membrane to show its rela- 
tively delicate structure when compared to the dura) 
membrane. The vascular nerve root trunks of the 
cauda equina, which exit through the intervertebral 


canal at the L2-3 level, and lower, have been partially 
displaced from within the opened dural tube, in 
order to demonstrate clearly the arachnoid mem- 
brane at this level. 

A block of spinal osteoligamentous tissues, which 
includes the lumbosacral articular triad from a 
51-year-old female, is shown in Figure 3.11 with its 
corresponding radiographs in Figures 3.12 and 3.13 

A histological section cut approximately through 
the middle of the zygapophysial joint of this osteoliga- 
mentous block of tissue (see Figure 3.12) is shown in 
Figure 3.14. 

Ligaments traversing the lumbosacral exit zone, as 
seen in sections cut in the horizontal plane, are 
shown in Figures 3.14 and 3.15. These particular 
ligaments are a constant finding at the lumbosacral 
level exit zone (see Figure 6.3 and Chapter 7) and 
have been described by Bachop and co-workers 
(1981a, b, 1984), Amonoo-Kuofi et al. (1988a, b) and 
Giles (1992) and others (see Chapter 7). 
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Figure 3.10 The vascular nerve root trunks of the cauda 
equina passing to the L2-3 intervertebral canal and lower, 
have been partially displaced from within the opened dural 
tube in order to show the arachnoid membrane which has 
been elevated by a metal probe. 



Figure 3.12 lateral radiographic view of the osteoliga- 
mentous block shown in Figure 3.11 which shows the 
lumbosacral intervertebral joint and the zygapophysial 
synovial joints (Z) comprising the articular triad. The dotted 
line shows the approximate level of the 200 pm thick 
histological section shown in Figure 3-14 ST = spinous 
tubercle of the first sacral segment. 



Figure 3.11 A block of osteoligamentous tissues cut in the 
horizontal plane from a 51-year-old female, showing the fifth 
lumbar vertebral body (1.5), the spinal canal containing the 
dural tube (DT) with some nerve roots of the cauda equina. 
The dural tube is surrounded by epidural fat which contains 
Batson’s venous plexus (B) and the epjdural membrane. A = 
anterior longitudinal ligament; I. = lamina; I.F = ligamentum 
flavum; l,T = longissimus thoracis muscle (part of erector 
spinae, i.e. sacrospinalis muscle); M = mullifidus muscle; P = 
posterior longitudinal ligament; S = spinous process of 1.5 
vertebra. 



Figure 3-13 Superior to inferior radiographic view of the 
osteoligamentous block shown in Figures 3 11 and 3 12. Note 
the fifth vertebral body (1.5), the spinal canal, parts of the ala 
(A) of the sacrum, the left and right lamina (L) joining at the 
lamina junction, the L5 spinous process (SP) and the left and 
right zygapophysial joints. Each zygapophysial joint is formed 
by the superior articular process (S) of the sacrum and its 
facet (F) and the inferior articular process of 1.5 (IAP) and its 
facet, with associated soft tissue structures. Due to the 
thickness of this specimen, various structures are super- 
imposed, e g. spinous process (SP) of 1.5 and the spinous 
tubercle of the first sacral segment and the 1,5 and SI 
laminae. 
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Figure 3.14 A 200 pm thick histological section cut in the horizontal plane at aproximately the level shown in Figure 3 12 
(51-year-old female) Note the spinal canal which contains the dural tube with its dural (D) and arachnoid (A) membranes. The 
dural tube is surrounded by epidural fat in which are seen parts of Batson's venous plexus (B) and the epidural membrane (not 
visible as such). The left and right intervertebral canals leading off the spinal canal contain adipose tissue, large neural 
structures (N) (i.e. spinal ganglion and nerve roots) and blood vessels. The small diameter recurrent meningeal nerves are not 
visible. The zygapophysial joint capsule is formed by the ligamentum flavum (LF) medially and by the fibrous joint capsule (JC) 
laterally. LT = longissimus thoracis muscle. The sacral superior articular process (SAP) and the inferior articular process (IAP) 
of the fifth lumbar vertebra have facets lined with hyaline articular cartilage (H) AF = anulus fibrosus fibres of the lumbosacral 
intervertebral disc; S = spinous process; l = left side. Arrow = transforaminal ligament traversing the exit zone of the 
intervertebral canal. (Ehrlich's haematoxylin and light green counterstain.) 


Figure 3.15 A 200 pm thick histological section cut in approximately the horizontal plane from a 72-year-old male. Note the 
cauda equina (C) within the dural sac with its dural (D) and arachnoid (A) membranes. The spinal nerves (N) are shown in 
close proximity to the ligaments (1 and 2) traversing the exit zone of the intervertebral canal. These ligaments pass from the 
superior articular process (SAP) joint capsule (1) to the sacral lateral process (SLP) and continue (2) to the lateral border of 
the L5 intervertebral disc and first sacral body L5 (black) = inferior articular process of the fifth lumbar vertebra; L5 (white) 
= fifth intervertebral disc; R = right side. (Ehrlich’s haematoxylin and light green counterstain.) (Reproduced with permission 
from Giles, L.G.F. (1992) Ligaments traversing the intervertebral canals of the human lower lumbosacral spine. Neuro- 
Orthopeclics, 13, 25-38.) 
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Figure 3-16 A 200 mm thick section cut in the parasagittal plane across the left 
L4-5 intervertebral canal of a 69-year-old male The arrow shows a ligament 
traversing the lower part of the intervertebral canal, within the foramen and 
bisecting it. The depth of the ligament within the intervertebral canal is 4 mm. The 
region shown within the rectangle was resected from an adjacent unmounted 
section and is shown highly magnified in Figure 3. 17. B = blood vessels; D = 
intervertebral disc; L = ligamentum flavum; L4 = fourth lumbar vertebral body; N 
= spinal nerve compex; P = pedicle; S = spur postcrolaterally and inferiorly on L4 
body; SAP = sacral superior articular process. (Ehrlich's haematoxylin and light 
green counterstain.) (Reproduced with permission from Giles, L.G.P (1992) 
Ligaments traversing the intervertebral canals of the human lower lumbosacral 
spine. Neuro-Orthopeclics, 13, 25-38.) 


Ligaments traversing the mid-zones of the L4-5 
and L5-S1 intervertebral canals were found in 61% of 
sagittally cut L4-5 intervertebral canals, and in 43% of 
sagittally and horizontally cut L5-S1 intervertebral 
canals (Giles, 1992). An example of a ligament 
traversing the mid-zone of an L4-5 intervertebral 
canal, in an almost horizontal plane, is shown in 
Figure 3.1 6. 

This ligament did not compromise the large neural 
structures in Giles’ (1992) study. Thin histological 
sections cut at the area shown in the rectangle in 
Figure 3 16 exhibited nerves and blood vessels within 


the ligamentous tissue (Figure 3.17) which contains 
elastic fibres. 

The average length, width and depth projected 
into the intervertebral canal of these horizontal 
ligaments at the mid-zones of the L4-5 and L5-S1 
levels is shown in Table 3.1, which also shows the 
corresponding ranges. 

Ligaments also traverse the mid-zone of inter- 
vertebral canals in a vertical plane, an example of 
which is shown in Figure 3.18. 

Part of the transforaminal ligament shown in Figure 
3.18 was resected from an adjacent unstained 100 pm 
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Figure 3.17 A thin section cut at a thickness of 1 pm. Note the small myelinated nerve (N), with 
an average diameter of approximately 117 2 pm, which is located within the ligament (L) shown 
in the rectangle in Figure 3 16 There are also several vascular structures ( V) within the ligament 
which contains some elastic fibres. (Richardson’s stain.) (Reproduced with permission from 
Giles, I G F. (1992) Ligaments traversing the intervertebral canals of the human lower 
lumbosacral spine. Neuro-Orthopedics, 13, 25-38.) 



Figure 3-18 Parasagittal section, 100 pm thick, across the 
left L4-5 intervertebral foramen of a 79-year-old male. A 
ligament (arrow) traverses the intervertebral canal from the 
ligamentum flavum (1.) to the intervertebral disc fibres (D) 
The vertebral body of the fourth lumhar vertebra (VL4) and 
its pedicle (P4) are shown with the adjacent superior 
articular process of the fifth lumbar vertebra (1.5). N = 
neural complex. The region shown within the square was 
resected from an adjacent unmounted section and is shown 
in Figure 3.19 which includes part of the adjacent blood 
vessel (arrow head). (Ehrlich’s haematoxvlin and light green 
counterstain) (Reproduced with permission from Giles, 
L.G.F, Allen, D.E. and Horne, F (1991) Thin histological 
sections prepared from large thick sections: a new tech- 
nique. Biotech Histocbem., 66, 273-276.) 


Table 3-1 A verage dimensions of ligaments traversing 
the mid-zones of L4-5 and L5-SI canals in the 
horizontal plane (sections cut in the parasaggital plane) 


Horizontal 

ligaments 

Average 

length 

mm 

Average 

width 

mm 

Average 

depth 

mm 

L4-5 

5.7 

1.1 

1.8 

RANGE 

3. 1-9.8 

0.4-1 9 

1. 0-30 

L5-S1 

6.6 

1.2 

1.7 

RANGE 

5. 0-8.4 

0.4-1. 2 

1. 0-3.0 


(Reproduced with permission from Giles, L.G.F. (1992) Ligaments 
traversing the intervertebral canals of the human lower 
lumbosacral spine. Neuro-Orthopedics, 13. 25-38.) 


thick histological section, re-embedded, and cut at a 
section thickness of 1 pm to determine its cellular 
structure. 

The 1 pm thick sections showed that elastic fibres 
are present (their morphology and their staining is 
similar to the elastic interna of the adjacent blood 
vessel) (Figure 3.19). 

The average length, width, and depth projected 
into the intervertebral canal of these vertical liga- 
ments at the mid-zones of the L4-5 and L5-S1 levels 
is shown in Table 3.2, which also shows the 
corresponding ranges. 
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Figure 3.19 Section of the area in the square shown in 
Figure 318 cut at 1 pm from an adjacent 100 pm thick LVNC 
section. Note the elastic fibres (F) in the ligamentum flavum 
(L) and in the wall of the artery (A). The histological 
composition of the artery is shown (E = endothelium; S = 
subendothelial layer; El = elastic interna; TM = tunica media; 
TA = tunica adventitia) as well as that of a vein (V) 
containing blood cells. The blood vessels seen within the 
transforaminal ligament were not visible in the 100 pm thick 
section. (Richardson’s stain.) (Reproduced with permission 
from Giles, L.G.F., Allen, D.E and Horne, F (1991) Thin 
histological sections prepared from large thick sections: a 
new technique. Biotech. Histochem., 66, 273-276.) 



Figure 3.20 A 200 pm thick histological section cut slightly obliquely in the horizontal plane through the left and right 
lumbosacral zygapophysial joint inferior recesses. The black arrow indicates a large fat-filled vascular intra-articular synovial 
fold projecting into the medial part of the right zygapophysial joint from below. A = arachnoid membrane; B = Batson’s venous 
plexus; C = cauda equina nerve root trunks; D = dural membrane; LAP = inferior articular process of L5; IVD = intervertebral 
disc; IVF = intervertebral canal (foramen); JC = fibrous joint capsule; L = ligamentum flavum; R = right side of spine; S = 
spinous process remains. (Modified from Giles, L.G.F. and Taylor, J.R. (1982) Intra-articular synovial protrusions in the lower 
lumbar apophyseal joints. Bull. Hosp. Joint Dis., XLII, 248-255 ) 
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Table 3.2 Average dimensions of ligaments traversing 
the mid-zones of L4- 5 and L5-SI canals in the vertical 
plane (sections cut in the parasaggital plane) 


Vertical 

ligaments 

A vet age 

length 

mm 

Average 

width 

mm 

A verage 
depth 

mm 

L4-5 

6.5 

1.3 

2.6 

RANGE 

3.7-92 

0.5-2. 5 

1.0-4. 0 

L5-S1 

6.6 

1.2 

2.0 

RANGE 

3-6-95 

0.2-1. 5 

0.4-2. 2 


(Reproduced wiih permission from Giles, L.G.F. (1992) Ligaments 
traversing the intervertebral canals of the hitman lower 
lumbosacral spine. Neuro-Ortbopectics, 13, 23-38.) 


The thin histological sections showed that this 
ligament contains elastic fibres, blood vessels and 
small diameter myelinated nerves. 

The transforamina] ligaments are described by 
Bogduk and Twomey (1991) as consisting of narrow 
bands of collagen fibres that traverse the outer end of 
the intervertebral canal and which are not strictly 
ligaments as (i) their structure more resembles ‘bands 
of fascia' than ligaments proper, and (ii) except for 
the inferior corporotransverse ligaments, they do not 
connect two separate bones. However, Giles (1992) 
showed that some of these structures which traverse 
the mid-zone of the intervertebral canal, running in 
the horizontal or vertical planes, are ligaments which 
contain elastic fibres and small diameter neurovas- 
cular structures. Furthermore, in some instances, 
these ligaments bridge from one bone to another, as 
confirmed by Church and Buehler (1991) and Giles 
(1992). 

The ligaments within the mid-zone are not con- 
stant and are not necessarily present in left and right 
paired intervertebral canals from a given specimen, 
raising the possibility that these structures are anom- 
alous variants. 

A histological section, cut through the inferior joint 
recess of the left and right lumbosacral zygapophysial 
joints respectively, in a 54-year-old male, is shown in 
Figure 3.20. This shows that particularly large intra- 
articular synovial folds are located in the lower region 
of the zygapophysial joint. 

Intra-articular synovial folds are also found in the 
superior joint recesses but are not as large as those 
found in the inferior joint recesses, as described in 
Chapter 5. 

Detailed anatomy of the lumbar spinal motion 
segment is presented in the following descriptive 
Chapters 4-8 and that of the thoracolumbar junc- 
tion's motion segment is presented in Chapter 12. 
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Lumbar intervertebral discs 

J.R. Taylor and L.G.F. Giles 


The anatomy of lumbar 
intervertebral discs 


Disc development 

The embryonic vertebral column 

The embryonic mesenchymal column is formed as an 
unsegmented, cylindrical condensation of mesen- 
chyme around the notochord (Taylor and Twomey, 
1988). From this primitive, unsegmented connective 
tissue column, bilateral, segmental processes grow 
dorsally to encircle the neural tube. The primitive 
cylindrical column differentiates into alternate light 
bands and dark bands. Intervertebral discs will 
develop from the dark bands in this column. The dark 
bands are relatively slow growing, fibroblastic struc- 
tures. The rapidly growing light bands will develop 
into cartilage models of the vertebrae. The more rapid 
growth of the cartilage models of the vertebral bodies 
compared to the dark bands contributes to segmental 
changes in the notochord, which thickens at the 
centre of each primordial intervertebral disc and 
gradually thins out and disappears from that part of 
its course through each vertebral body. 

Early disc development 

The peripheral cells of each dark band differentiate 
into fibroblasts which form collagen in a circum- 
ferential lamellar arrangement. Centrally, the noto- 
chordal segment expands to form the nucleus pulpo- 
sus (Figure 4.1). 

The attenuated part of the notochordal track 
passing through the centre of each cartilagenous 



Figure 4.1 A 100 micron median sagittal section showing 
the lowest two lumbar intervertebral discs in a 20-week 
fetus. The notochordal segments form the original nucleus 
pulposus; the mucoid streak (arrow) passes through the 
cartilage model of the JL5 vertebral body, where central 
cartilage swelling and calcification indicate the appearance 
of the primary centre of ossification. The anulus ftbrosus is 
already well formed at this stage NP = nucleus pulposus; SC 
= spinal cord. 

vertebra is known as a mucoid streak. Centres of 
ossification appear in the centre of each vertebral 
body, interrupting the mucoid streak and obliterating 
it from the centre of each vertebra, but the mucoid 
streak persists in the cartilage plates which cap the 
cephalic and caudal surfaces of each developing bony 
vertebral body (Figure 4.2). These cartilage plates are 
cartilaginous epiphyses of the growing vertebra, but 
they are also integral parts of the structure of the 
developing disc (O’Rahilly and Meyer, 1979; Verbout, 
1985; Taylor and Twomey, 1988). 
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Figure 4.2 A montage of a fetal lumbar intervertebral disc in median sagittal section 
The nucleus is now expanding to fill the centre of the disc. The centra are well formed; 
above and below and the cartilage plates (CP) capping the centra are regions of 
intersection between the cartilaginous epiphyses’ of the vertebra and the inter- 
vertebral disc. Note the vascular canals in the periphery of the cartilage plates. 
(Reproduced with permission from Taylor, J.R. and Twomey, L. (1988) Development of 
the human intervertebral disc. In Biology of the Intervertebral Disc (P Ghosh, ed), vol 
I. CRC Press, Boca Raton, Florida, p. 70.) 


Disc structure in the fetus 

The lamellar structure of the anulus ftbrosus, which is 
typical of the adult disc, is already obvious in the fetal 
disc (Taylor andTwomey, 1988). The annular lamellae 
are, from the beginning, continuous with similar 
lamellae in the cartilage plates, though these cartilage 
plate lamellae can only be seen by polarized light. The 
notochordal cells of the nucleus multiply rapidly and 
produce a proteoglycan-rich mucoid matrix expand- 
ing the nucleus pulposus. The continuous lamellae in 
the anulus and the cartilage plates envelop the rapidly 
growing nucleus pulposus, the whole structure 
resembling an elliptical sphere. The notochordal cells 
of the nucleus also have the capacity to erode the 
inner aspects of the envelope formed by the anulus 
and the cartilage plates. The envelope also expands as 
its lamellae grow in length, to accommodate the 
growing nucleus pulposus. The continuous envelope 
around the nucleus, formed by the anulus fibrosus 
and cartilage plates, is characteristic of the disc at all 
stages of life. 


Disc growth in the infant and child 

The rapid expansion of the notochordal nucleus 
pulposus is the most notable feature of growth in 
later fetal life and in the infant disc, especially in 
lumbar discs. The notochordal cells disappear from 
the nucleus during childhood as the disc grows 
rapidly in volume and becomes avascular (Taylor, 
1974). The fetal and infant disc is a very vascular 
structure with plentiful blood vessels in its anulus 


ftbrosus and cartilage end-plates, though it normally 
never has any blood vessels in its nucleus. By the age 
of 4 years most of these blood vessels have dis- 
appeared, leaving only a few small vascular buds 
projecting from the vertebral marrow into the verte- 
bral aspect of each cartilage plate and a few capillary- 
like vessels in the outer layers of the anulus fibrosus 
(Taylor et al . , 1992). 

This large avascular structure is nourished in later 
life by diffusion from the vascular buds from the 
vertebral end-plate and the small blood vessels in the 
longitudinal ligaments and the most peripheral layers 
of the anulus (Maroudas et al., 1975). The notochor- 
dal cells are unable to survive in an avascular 
environment and they are replaced during childhood 
by chondrocytes and fibroblasts, cells better able to 
survive in the avascular environment (Taylor, 1974). 

Water and proteoglycans in the immature disc 

The lumbar nucleus of an infant disc is 88% water and 
the anulus is 80% water (Puschel, 1930). The high 
water content of this viscous fluid structure is 
assured by the proteoglycans produced by the 
notochordal cells and later by chondrocytes which 
will gradually replace the notochordal cells. 

The proteoglycan content of the nucleus and inner 
anulus remains high as the colonizing cells also 
produce proteoglycans, in which there is a higher 
proportion of keratan sulphate, a functional sub- 
stitute for the originally dominant chondroitin sul- 
phate (Taylor et al., 1992). These cells also produce 
collagen and the collagen network formed in the 
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Figure 4.3 A premature infant lumbar intervertebral disc in 
transverse section. The large notochordal nucleus pulposus 
occupies the central region, surrounded by the circum- 
ferential lamellae of the anulus ftbrosus. 


nucleus changes it from a viscous fluid to a soft, 
pulpy, discrete, central mass, which still has a very 
high water content and behaves as a fluid. As the 
nucleus matures, in the young adult, it remains soft 
with a high water content (75-80%) and it continues 
to behave as a fluid, but its boundaries with the 
anulus become less distinct. It is central or postero- 
central within the disc and occupies about two-thirds 
of its antero-posterior extent in the mid-sagittal plane 
(Figure 4.3). 

Adult structure 

Intervertebral discs from young adults have a broadly 
similar structure to those of children, with a relatively 
soft nucleus, rich in proteoglycans, contained by a 
strong outer fibrous and inner fibrocartilaginous 
envelope (Taylor, 1990) (Figure 4.4). 

However, from the time of appearance of the ring 
apophyses, at puberty, the outer lamellae of the 
anulus are anchored in this bony ring, which fuses 
with the vertebral body at completion of vertebral 
growth, from 15 to 18 years. The inner lamellae of the 
young adult anulus fibrosus remain continuous with 
the lamellar structure of the cartilage plates, forming 
a complete cartilaginous envelope around the 
nucleus pulposus. The outer fibrous lamellae of the 
anulus are almost indistinguishable in structure from 
the fibrous longitudinal ligaments, but their attach- 
ments are different as the fibres of the longitudinal 
ligaments generally bridge many segments, some 
inner fibres of the longitudinal ligaments attaching to 
the vertebral rims at each level. On the other hand, 
the fibres of the anulus fibrosus only bridge one 
segment in each case. 

Transverse sections of fresh young adult discs show 
a white glistening appearance with regular concen- 
tric annular lamellae. The anterior and lateral parts of 
the anulus fibrosus are thicker than the posterior 



Figure 4.4 A diagram of an adult intervertebral disc in 
median section. The central nucleus pulposus (NP), rich in 
proteoglycans, has a sparse population of chondrocytes. The 
notochordal cells disappeared during maturation. There are 
two parts of the anulus fibrosus (AF): an outer ligamentous 
part which attaches to the bony rims (R) of the vertebral 
bodies, and an inner fibrocartilaginous part which is 
continuous with the cartilage end-plates (CP) on the 
surfaces of the vertebrae. The cartilage end-plates and the 
anulus form a continuous envelope around the nucleus. 
(Modified from Taylor, J R and Twomey, L. T. (1994a) The 
effects of ageing on the intervertebral discs In Grieve’s 
Modem Manual Therapy: Tire Vertebral Column (G.D 
Boyling, and N. Palastanga, eds ), 2nd ed. Churchill Living- 
stone, Edinburgh, pp. 177-188.) 


part, showing both greater thickness of lamellae and 
greater numbers of distinguishable lamellae in the 
antero lateral anulus fibrosus. The nucleus pulposus is 
contained under pressure within the anulus and it 
swells on sectioning, mainly by absorbing more water 
from the environment. 

The nucleus pulposus 

The principal changes in the disc on maturation are 
in the nucleus pulposus. The progressive increase in 
the collagen content of the nucleus pulposus, begun 
in childhood, continues in the adult nucleus. At the 
same time the cell population per unit volume 
decreases. The more sparse cell population of the 
adult nucleus, associated with its reduced vascular- 
ity, continues to produce proteoglycans; spaces in 
the bony end plates permit 10% of the vascular 
spaces of the vertebral marrow to come in contact 
with the cartilage plates (Maroudas et al. } 1975) and 
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the peripheral anulus contains a few small blood 
vessels. According to Puschel (1930), there is a 
reduced water content in the young adult nucleus 
(76%) compared to the newborn disc (88%). 

However, normal adult discs still have a high level 
of hydration, and can absorb more water readily, 
particularly into the nucleus. Recently cut sections of 
normal discs buckle due to this rapid absorption of 
water by the nucleus, even after formalin fixation. 
Conversely, dehydration of the discs during histo- 
logical processing inevitably produces some contrac- 
tion artefact in the nucleus. This artefact character- 
istically shows horizontal splits near the upper and 
lower margins of the nucleus, parallel to the adjacent 
cartilage plates, joined by a vertical split through the 
centre of the nucleus. This appearance recalls the 
shape of normal discograms (Taylor, 1990); it may be 
explained by the distribution of collagen bundles in 
the nucleus. On high power microscopic examina- 
tion of a small region of the nucleus pulposus, 
collagen fibres appear to form a random network, but 
low power examination of the nucleus as a whole 
shows that in different parts of the nucleus, bundles 
of collagen fibres are oriented in preferred directions; 
in the upper and lower areas of the nucleus, bundles 
are parallel to the cartilage plates; in the area where 
the anulus and nucleus merge, loose, poorly formed, 
lamellar bundles are convex inwards towards the 
centre of the nucleus; at the centre, a few loosely 
arranged vertical bundles are seen in the area 
previously occupied by the notochordal debri’. The 
bilocular hamburger’ shape of normal discograms is 
related to the pathways by which the contrast 
injected into the nucleus spreads most easily between 
the collagen bundles; this is determined by the 
orientation of the collagen bundles described. 

Our studies in fresh unfixed post-mortem spines 
show the influence of the turgor in the normal 
nucleus on lumbar spinal posture. When a normal 
young adult lumbar spine is hemisected, the nucleus 
instantly bulges out from its envelope at the cut 
surface, showing the pressure which the nucleus 
normally exerts on its constraining envelope. At the 
time of sectioning, the column both shortens slightly 
and becomes more lordotic. If the soft, bulging 
nucleus is compressed back into its cavity the column 
noticeably lengthens and straightens again. Similarly, 
in an intact column, when intradiscal pressure is 
raised by the injection of radio-opaque material for 
post-mortem discography, lordosis is reduced as intra- 
disc pressure increases and the column straightens 
(Taylor, unpublished study). Studies of creep i.e. 
deformation of the disc under load, with prolonged 
axial loading (Boyd, 1929;Twomey andTaylor, 1991) 
support the view that, in sustained erect posture, the 
spine would creep into increased lordosis, whereas 
with prolonged loading in full flexion, creep may flex 
the spine beyond the normal end range (Twomey and 
Taylor, 1982). 



Figure 4.5 An adult vertebral column in sagittal section 
showing Schmorl's nodes (SN) These protrusions into the 
vertebral spongiosa occur in adolescence through weak 
points in the cartilage plates where the notochord originally 
passed through them. (Reproduced with permission from 
Taylor, J.R., and Twomey, L. (1988) Development of the 
human intervertebral disc. In Biolog y of the Intervertebral 
Disc (P Ghosh, ed), Vol I. CRC Press, Boca Raton, Florida, 
p 71.) 


The nucleus pulposus is separated from the central 
parts of the vertebral bodies, only by the thin 
cartilage plates which cap their caudal and cephalic 
surfaces. At the centres of these, where the noto- 
chord originally penetrated the cartilage plates, there 
are weak points where sudden axial loading of the 
spine may cause herniation of the young fluid 
nucleus into the vertebral spongiosa. Such hernia- 
tions, called Schmorl's nodes (Figure 4.5), appear to 
occur very commonly in children and adolescents, as 
they are rarely found in infants and young children 
but they are seen in 38% of all adults, apparently with 
little if any adverse effect on the functioning of the 
intervertebral disc. 

The anulus fibrosus 

The histology of the adult anulus is similar to that of 
the child. There are differences between the anterior 
and posterior parts of the anulus in lumbar discs, 
related to the lumbar lordosis. Anteriorly, there are 
more than 20 fairly thick lamellae. The outer lamellae 
appear entirely fibrous with thick course bundles of 
fibres which run vertically between the vertebral 
bony rims. The outer lamellae are loosely fused to the 
strong anterior longitudinal ligament. The inner 
lamellae have finer fibres embedded in a densely 
stained basophilic matrix and they are gently curved 
with an outward convexity, becoming continuous 
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with the lamellar structure of the ‘hyaline’ cartilage 
plates above and below. The lateral anulus resembles 
the anterior anulus. 

The posterior and posterolateral parts of the anulus 
are much thinner, with 12-15 more closely packed 
thinner lamellae which are more sharply curved in an 
outwardly convex U-shaped course. The outer fibres 
are fused with the thin posterior longitudinal liga- 
ment. The outer anular fibres attach to the thinner 
posterior vertebral rims and the inner fibres are 
continuous with the cartilage plates. 

Blood vessels are frequently seen between the 
longitudinal ligaments and the anulus, and a few small 
vessels are usually found within the outer layers of 
the adult anulus. The inner anulus is not clearly 
demarcated from the nucleus in the adult disc, and 
some loose inwardly convex lamellae are usually seen 
in the transitional area. These are also present in the 
discs of older children. They cannot be entirely 
explained on the basis of dehydration contraction 
artefact. They probably represent an alignment of the 
collagen bundles in the outer nucleus in response to 
the mechanical compressive and dynamic forces to 
which the disc is subjected in weight-bearing and 
movement. 

Thick parasagittal sections of the outer anulus 
clearly show the alternating direction of the collagen 
fibres in adjacent lamellae (Figure 4.6); they are 
arranged such that first, third, and successive layers 
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Figure 4.6 A diagram of the outer layers of the anulus 
fihrosus showing the alternately spiralling arrangement of 
the fibres in adjacent lamellae. (Reproduced with permis- 
sion from Taylor, J.R. andTwomey, L.T. (1994a) The effects of 
ageing on the intervertebral discs. In Grieves Modem 
Manual Therapy: The Vertebral Column (G. D. Boyling, and 
N. Palastanga, eds), 2nd edition. Churchill Livingstone, 
Edinburgh, pp. 177-188.) 


have parallel fibres while the second, fourth and 
successive layers have parallel bundles in a direction 
virtually opposite to that of the fibres in lamellae 1 
and 3- 

The angle between the crossing fibres of adjacent 
lamellae (the interstriation angle) is about 50-55° in 
the lateral anulus of lumbar discs. The angle is less 
than this in the posterior anulus and may be more 
than this in the anterior anulus. The complexity of the 
spiralling concentric lamellae, with the outer layers 
exchanging fibres with the longitudinal ligaments and 
some apparent interweaving of fibres in inner lamel- 
lae, was said by Walmsley (1953) to almost defy 
description’. However, the elliptical encapsulation of 
the nucleus by the inner anulus and cartilage plates 
with the direct bony attachment of the outer anular 
fibres are essential structural features; the alternating 
spiral arrangement of the fibres in successive lamellae 
gives great strength and helps to limit movements, 
especially rotation (Farfan, 1973; Taylor, 1974; Taylor 
andTwomey, 1988). 


Cartilage plates 

At the periphery of each cartilage plate, a ring 
apophysis appears, fuses with the centrum and forms 
the hard bony rim of the vertebral end-plate, but the 
larger central part of each hyaline cartilage plate 
persists in the adult as part of the envelope of the 
nucleus (Taylor, 1974; Taylor and Twomey, 1988). In 
the cartilage plate, the lamellae of the anulus 
intimately interlock with a persisting part of the 
cartilage model of the fetal vertebral body. The 
cartilage plates have a horizontal lamellar arrange- 
ment when viewed by polarized light. They are about 
1 mm thick and they contribute to the resilience of 
the mobile segment. They are also important path- 
ways for diffusion of nutrients from the vascular 
spongiosa into the central parts of the disc, since 10% 
of each bony vertebral end plate is perforated by 
small vascular buds which make contact with the 
cartilage plate. These vascular contacts are more 
plentiful centrally than peripherally (Maroudas et al., 
1975). 


Direct neural relations of the disc 

The posterior and postero-lateral surfaces of each 
lumbar disc are directly related to two pairs of spinal 
nerves (Figure 4.7A and B). 

In the intervertebral foramen, the spinal nerves are 
tucked up under the pedicles, above the level of the 
disc, but after emerging from the intervertebral 
foramina, they are in direct contact with the postero- 
lateral disc surfaces. Within the lateral recesses of the 
spinal canal, the posterior surface of the same disc is 
in direct contact with the next pair of spinal nerves, 
within their root sleeves of spinal arachnoid and dura, 
as they descend obliquely towards the next pair of 
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Figure 4.7 (A) A transverse section through the L5-S1 disc 
of a normal adult motion segment, at the level of the lower 
part of the intervertebral foramen, showing the anulus 
fibrosus and nucleus pulposus of the disc. On Ihe lateral 
surface of the anulus, lie the L5 spinal nerves which pass out 
through the upper parts of the intervertebral foramina. The 
dural tube (D) occupies the central part of the triangular 
spinal canal and the SI nerves lie in the epidural space at the 
lateral angles (arrows). The zygapophysial joints (Z), pos- 
tero-lateral to the spinal canal, show articular cartilage 
supported by a thick subchondral bone plate. The spinous 
process has been cut off. (Reproduced with permission 
from Taylor, J.R. and Twomey, L.T. (1994b) Structure and 
function of lumbar zygapophysial (facet) joints. In Grieve’s 
Modem Manual Therapy: The Vertebral Column (G D. 
Boyling and N. Palastanga, eds.), 2nd edition. Churchill 
Livingstone, Edinburgh, pp. 99-108.) (B) A diagram illus- 
trating the anatomy shown in the cadaveric section (7A) A 
large vein traverses each lower intervertebral foramen; the 
L5 and SI nerves are indicated by arrows; AC = articular 
cartilage, AF = anulus fibrosus; NP = nucleus pulposus; SCP 
= subchondral bone plate. 


intervertebral foramina. On the antero-lateral surface 
of the disc, the sympathetic chain descends, parallel 
to the anterior margin of the psoas major muscle, in 
direct contact with vertebrae and discs (see Figure 
14.3); rami communicantes connecting the sym- 
pathetic chain to each spinal nerve, pass obliquely 
across the lateral surfaces of vertebral bodies and 
intervertebral discs supplying the periosteum and the 
outer lamellae of the anulus fibrosus (Taylor and 
Twomey, 1980a) (see Figures 14.12, 17.1 and 17. 2B). 
Other small nerves, arising directly from the spinal 
nerves or their ventral rami close to the intervertebral 
foramen, supply the posterolateral and posterior 
surfaces of the disc (Taylor and Twomey, 1980a; 
Bogduk et aL, 1981). Those nerves which return into 
the intervertebral foramina to supply the posterior 
longitudinal ligament and the posterior anulus are 
called the sinu-vertebral nerves. 


The turgor of the nucleus pulposus 

At all stages the nucleus is under tension within its 
envelope (Nachemson and Elfstrom, 1970), so that it 
immediately bulges when sectioned at post-mortem. 
Normal discs from middle aged and old subjects 
retain this capacity to swell when released from the 
restraint of the intact anulus. 

The capacity of the normal disc to expand by 
attracting water, due to its rich proteoglycan content, 
is much greater than its intact, inelastic, outer 
envelope will allow. An attempt to inject fluid 
through a needle introduced into the nucleus of a 
healthy young adult disc is resisted by this intradiscal 
pressure and the small quantity of fluid which can be 
injected may subsequently be spontaneously 
expressed back through the needle into the syringe. 
As already noted, forceful injection of normal saline 
into a healthy disc changes the posture of the motion 
segment which straightens and becomes less lordo- 
tic. Conversely, with loss of water and proteoglycans 
from a degenerate disc, it tends to sag, or creep on 
axial loadbearing, with greater loss of height than 
would occur in a healthy young disc. 

Nachemson (1965) showed that in healthy discs, 
the intradiscal pressure varied according to the 
lumbar posture. Pressure is less in a lordotic posture 
than in a flexed posture and increased axial loading is 
reflected by increased intradiscal pressure (Nachem- 
son and Elfstrom, 1970). 

In life there is an ever changing equilibrium 
between the chemical forces in the healthy disc, 
trying to take in more water and the external 
mechanical compressive loading, which tends to 
squeeze water out. On average, we each lose about 
1 .7 cm of our stature in the course of the day, by axial 
creep, due to loss of water from our intervertebral 
discs, most of it in the first few hours after rising, and 
we recoup it at night when lying down. The water 
distribution within the disc can also be altered by 
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eccentric loading due to prolonged loading in a fully 
flexed posture, when water is selectively squeezed 
out of the anterior part of the disc. Creep in flexion 
can temporarily alter the normal shape of a lumbar 
disc (Twomey and Taylor, 1982). 

The high proteoglycan and water content of the 
nucleus pulposus and inner anulus give the disc its 
elasticity and resilience in weightbearing and move- 
ment. 

In normal erect posture weightbearing, the fluid 
nucleus receives the transmitted loading from the 
vertebra above and redistributes the vertical force 
equally in all directions, acting as a shock absorber. A 
normal fresh post-mortem lumbar spine feels quite 
stiff when it is flexed, extended or laterally flexed, 
and it will return spontaneously to its resting posture 
when the deforming force is removed. This is partly 
due to the elasticity of ligaments like the ligamentum 
flavum, but also due in large part to the turgor and 
elasticity of the intervertebral disc (McFadden and 
Taylor, 1990). 

The anulus fibrosus, its attachments and 
functions 

From the fetal stage onwards, two parts can be 
recognized in the anulus fibrosus: an outer liga- 
mentous part and an inner fibrocartilaginous part. 
The relatively coarse collagen fibres of the liga- 
mentous, outer anulus attach to the outer margins of 
the adjacent vertebral bodies. This outer part attaches 
to the outer rim of the cartilage plate i n a child, to the 
ring apophysis in adolescence and to the vertebral 
rim in adults, once the bony ring apophysis fuses 
with the centrum at approximately 18 years. The 
collagen fibres of the outer anulus have relatively few 
cells and matrix between them and staining with 
Alcian Blue reveals a low content of glycosamino- 
glycans (GAGs) (Taylor et al., 1992). 

The fine collagen fibres of the inner anulus are 
embedded in a plentiful cellular, GAG rich matrix. 
They are curved with an outward convexity, becom- 
ing continuous with the lamellar structure of the 
cartilage plates above and below, forming a complete 
elliptical spherical envelope around the nucleus. This 
arrangement of the inner anulus is seen most clearly 
in the discs of children but it can still be clearly 
distinguished in normal adult discs (Taylor, 1974). 

The fibres in the whole thickness of the anulus are 
arranged in circumferential lamellae which spiral 
between the vertebrae. This arrangement gives the 
anulus great dynamic strength. The outer anterior 
lamellae run almost vertically between the vertebrae. 
This is the thickest part of the disc, and the anulus 
also has its greatest horizontal thickness here. The 
fine lamellae of the posterior anulus are, by contrast, 
sharply curved in a U’-shaped form. The posterior 
region is the thinnest part of the lumbar disc. This 
wedge shape of the lumbar discs contributes to the 


lumbar lordosis, but at the lumbo-sacral level, the 
body of L5 is also notably wedge-shaped. The 
posterior margins of the discs, as viewed in transverse 
section or CT scans are slightly concave where they 
bound the spinal canal. 

The longitudinal ligaments 

The anterior anulus is completely covered by the 
anterior longitudinal ligament, a longitudinal, broad, 
tough ribbon, whose attachments bridge over many 
vertebrae, in contrast to the segmental attachments of 
each anulus. The anterior longitudinal ligament 
exchanges only a few fibres with each anulus for 
attachment to each vertebra] rim. It is loosely 
attached to the front of each disc and to the anterior 
vertebral periosteum, but it may be capable of some 
slight slip or stretch, in full extension, in contrast to 
the inelastic, anterior anulus which adapts to move- 
ment by change in its curvature. The thinner, 
posterior longitudinal ligament covers the posterior 
anulus and is firmly attached to its surface but bridges 
over each posterior vertebral surface, leaving a space 
for part of the internal vertebral venous plexus and 
the basivertebral veins. Its outline is dentate, wide at 
the discs and narrow where it bridges over each 
vertebral body 

The arrangement of the anulus in two parts, with 
their covering ligaments, clearly has functional impor- 
tance. The outer ligamentous anulus and the anterior 
and posterior longitudinal ligaments appear designed 
to bear tensile forces, as in full flexion and extension, 
and to act as check ligaments’, preventing excessive 
movement and the danger of avulsion of the disc from 
the vertebral body. The anterior structures require 
greater strength than the posterior anulus and longi- 
tudinal ligament as they do not have the additional 
support given to the posterior structures by the 
posterior ligamentous complex between the verte- 
bral arches. 


‘Weight-bearing’ 


The inner anulus appears designed to cooperate and 
participate with the enclosed nucleus pulposus in 
supporting axial loading. First, as the inner anulus 
and the cartilage plates form a complete, inex- 
tensible, envelope around the incompressible, fluid 
nucleus, this gives the disc a shock absorber function, 
in response to axial loads. As the anulus and nucleus 
are capable of changing their shape, this arrangement 
also enables the disc to act like a strong and rather 
stiff joint, each disc allowing relatively small move- 
ments. The elasticity of the disc, which tends to 
return it to its resting shape after a movement, also 
assists the spinal muscles to return the spine to its 
resting neutral position. In addition to its role as an 
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envelope tightly enclosing the nucleus, the inner 
anulus, independently of the nucleus, also has the 
potential to bear axial loads. This is because of the 
intimate functional relationship of its collagen fibrils 
with their GAG-rich matrix. Each collagen fibril is 
closely surrounded and attached to a sheath of 
proteoglycan macromolecules, which attract and 
hold water, forming a kind of inflatable cylindrical, 
collar around each collagen fibril , which tends to 
straighten it or reduce its curvature (Taylor et al., 
1992). Thus, as Markolf and Morris (1974) showed, 
the disc can still resist axial loads, even when part of 
its nucleus has been removed. 


Movement: the discs and the facets 


In general terms, the range of segmental inter- 
vertebral movement is proportional to the thickness 
and compliance of the intervertebral disc and to the 
slenderness of the column. Measurements of ranges 
of movements in the lumbar spine as a whole, in both 
cadavers and living populations suggest that about 
50° of sagittal plane movement (flexion plus exten- 
sion) is the norm, or about 60“ in young adult 
females, who generally have a more slender column 
than males with more compliant discs (Taylor and 
Twomey, 1980b). This represents about 10° of 
movement per motion segment 

However, movement in the spine cannot be 
discussed without considering the influence of the 
zygapophysial joint facets. The lumbar zygapophysial 
joints guide lumbar movements in particular planes 
and resist, or prevent, movements in other planes, 
particularly those which would endanger the integ- 
rity of the disc (Farfan, 1973; Putz, 1985). 

The zygapophysial joints are synovial joints 
between the superior and inferior articular processes 
of the laminae (see Chapter 5). Lumbar facets are 
curved or biplanar in the horizontal plane, but flat in 
the vertical plane, roughly parallel to the long axis of 
the lumbar spine. The facet orientation facilitates 
sagittal plane and coronal plane movements but 
resists horizontal plane movements (Putz, 1985) The 
joints have large superior and inferior fat-filled ‘polar’ 
recesses to accommodate upward and downward 
gliding of the facets in flexion, extension and lateral 
bending. In transverse section or CT scan, two parts 
can be distinguished in each superior articular 
process. The larger posterior part is sagittally oriented 
and the smaller anterior part is almost coronally 
oriented (Taylor and Twomey, 1986, 1992). These two 
parts have different functions. The anterior coronal 
part restrains intersegmental translation in flexion 
and the posterior part severely restrains axial rotation 
(Twomey and Taylor, 1983). These functions protect 
the disc from shearing forces in translation and from 
overstretch of the fibres of the anulus fibrosus in axial 


rotation (Farfan, 1973). As the anular fibres are 
oriented at approximately 45“ to the long axis of the 
spine, a combination of flexion and axial rotation 
would have the greatest effect in stretching the 
posterior fibres of alternate lamellae. 

Experiments with single motion segments have 
shown that true axial rotation is restricted to about 2“ 
in each direction (Farfan, 1973) but studies of the 
whole lumbar spine suggest a wider range of twisting 
(Taylor and Twomey, 1980b). Careful observation 
suggested that this more physiologic’ movement was 
partly a coupled movement with lateral bending and 
flexion accompanying the twist' (McFadden and 
Taylor, 1990). Measurements of facet orientation in 
the sagittal plane show a very small forward slope of 
the articular surfaces of the articular processes, 
making an average angle of 5-8“ with the longitudi- 
nal axis of the spine. 

The protective influence of the facets in resisting 
translation is of greatest importance at the lumbo- 
sacral junction where, as Davis ( 1 96 1 ) has shown, in 
response to the sharply lordotic angle, a much 
higher proportion of the compressive load is borne 
by the facets. This is reflected by the increase in the 
angle formed by the joint plane and the mid-sagittal 
plane in the lower two superior articular facets 
compared to higher facets. The load borne by the 
facets is emphasized by the high frequency of 
spondylolysis in the arch of L5 in young athletes and 
the danger to the disc in the absence of this 
restraint is shown by the effects of spondylolisthesis 
on the lumbosacral disc. 


Ageing of the human 
intervertebral disc 


Decline in stature with ageing is often attributed to 
reduction in disc height, but osteoporosis is the 
major cause of loss in stature with ageing (Dent and 
Watson, 1966). This is due to the increase in vertebral 
end-plate concavity with ageing and the correspond- 
ing ballooning of the disc into the deforming end- 
plates, as measurement studies of large, unselected, 
populations, show no evidence of generalized loss in 
disc height (Twomey and Taylor, 1986). With ageing, 
disc degeneration is increasingly prevalent but it is 
not universal and, at least in regard to disc thickness, 
loss of disc thickness is by no means an inevitable 
accompaniment of ageing (Twomey and Taylor, 
1985). 

Measurement studies of cadaveric spines indicate 
that the average mid-sagittal height of most discs is 
usually maintained during ageing with a tendency to 
increase, while peripheral disc heights tend to 
decrease (Twomey andTaylor, 1985, 1991). 

The functions of the lumbar intervertebral discs 
are to provide enough strength for stiffness and 
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stability, white giving useful ranges of movement. 
Considering the high static loading and dynamic 
forces repeatedly transmitted through the lumbar 
discs in a lifetime, they maintain these roles well in 
many elderly people, despite the degenerative chan- 
ges’ heralded by the appearance of peripheral osteo- 
phytes. The thickest discs are the lower lumbar 
ones, which are about 12 mm thick. The disc envel- 
ope, formed by the anulus and cartilage plates, 
encloses the nucleus, which continues to behave as 
a fluid in most older adults, despite the increase in 
its collagen content and slow age-related changes in 
its proteoglycan content with reduction in its asso- 
ciated water. The nucleus continues to demonstrate 
some turgor in older adults; it is still held under 
tension within its inelastic envelope. 

Functional age change: creep and 
stiffness 

The most important age changes in intervertebral 
discs are biomechanical and functional, rather than 
obvious structural changes in the gross sense of loss 
in disc height. The behaviour of a degenerate disc in 
loadbearing is inconsistent compared to normal discs 
(Nachemson et al . , 1979) and renders the disc less 
efficient in transmitting loads and maintaining the 
normal intersegmental stiffness and stability. 

The principal, and most consistent, functional 
changes in the disc with age are a reduction in 
movement ranges associated with an increase in disc 
stiffness and an increase in creep in response to 
loading (Taylor and Twomey, 1980b; Twomey and 
Taylor, 1982). For instance, the average range of 
sagittal motion reduces from about 55° in young 
adults to 40° in the elderly. Creep is greater in the 
elderly than in young adults, and hysteresis (recovery 
of initial shape) is slower in the elderly. These 
functional changes suggest that the disc proteogly- 
cans are less efficient in binding water in older discs 
than in young discs. The older disc also has a higher 
collagen content than the young disc (Adams et at., 
1977). Thus the old disc is stiffer in its immediate 
response to muscle forces attempting a normal range 
of movement, but less stiff in its response to 
prolonged loading, such as axial loadbearing. There- 
fore, middle-aged and elderly lumbar columns have a 
greater tendency to buckle into increased lordosis on 
prolonged standing, especially if the postural muscle 
support is inadequate. During creep, fluid and 
metabolites are expressed from the disc, and in 
hysteresis they return. The increased response to 
prolonged loading in the elderly, and the slowing 
down of recovery, may adversely affect the normal 
processes of nutrition and predispose to further 
degenerative change in conditions of prolonged static 
loading. Such loading could also render the discs of 
the older spine less resilient, and less able to cope 


with any sudden demands due to lifting or other 
strenuous physical activity. 

These observations emphasize the importance of 
healthy muscular activity, producing full ranges of 
spinal movement, maintenance of strength in lum- 
bar spinal postural muscles, and the avoidance of 
prolonged loading or overloading of the elderly 
spine. 


Pathology 


Disc degeneration 

This is not a well defined term. In the literature it is 
usually synonymous with disc thinning, the presence 
of circumferential and radial fissures from the nucleus 
into the anulus, as revealed by discography, and the 
appearance of marginal osteophytes on plain film 
radiography (see Figures 4.8A and B, 4.16 and 
20.5). 

Rolander (1966) described a system of classifying 
disc age changes, based on their morphological 
appearance in post-mortem sections. This ranged 
from normal juvenile discs (grade 0) through the 
normal age changes of middle age (grade 2) to frank 
disc degeneration with dessication, thinning and 
Assuring (grade 3) When Twomey (1981) used this 
scheme to classify his large range of material of all 
ages he found that 72% of discs from subjects over 60 
years of age were not degenerate, but most remained 
in grade 2. The commonly accepted view that old 
discs are dessicated is not quite correct. Puschel's 
data (1 930) showed that most of the water loss in the 
life history of discs takes place during maturation and 
the water content of the adult nucleus declines on 
average by only 6% from young adults to old age. In 
the same period the GAGs of the disc are said to be 
generally maintained (Adams etal., 1977). When discs 
were degenerate (grade 3), the lowest two discs were 
most frequently affected. These are the discs sub- 
jected to the greatest forces, and Assuring of the 
anulus is seen in L4-5 and L5-S1 with increasing 
frequency in old age. Trauma, or repeated micro- 
trauma may initially cause circumferential fissures in 
the anulus leading later to the appearance of radial 
fissures, most often in the posterolateral regions of 
the disc (Adams and Hutton, 1985) (Figure 4.8A and 
B). Disc fissures would provide a possible pathway 
for nuclear herniation in young or middle-aged adults; 
in old age, the nucleus pulposus is no longer soft and 
is too firmly bound by collagen to its surrounding 
envelope to be able to herniate through the gap, 
unless very high forces are involved, chemical chan- 
ges occur in the disc, or the process of herniation is 
a very slow one. Once again, the discs which most 
frequently herniate are at L4-5 and L5-S1 (Spangfort, 
1972). 
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Figure 4.8 (A) A diagranimatic representation of a radial 
fissure penetrating the posterolateral anulus to its outer 
third. (Reproduced with permission from Taylor, J.R. and 
Twomey, L.T. (1994a) The effects of ageing nn the inter- 
vertebral discs. In Grieves Modem Manual Therapy: The 
Vertebral Column (G D. Boyling, and N. Palastanga, eds), 
2nd edition. Churchill Livingstone, Edinburgh, pp 
177-188). (B) A discogram of an L3-4 disc, showing the 
nuclear area outlined by contrast which has also spread via 
a radial fissure (not seen) to occupy an extensive circum- 
ferential fissure on the right side Contrast is leaking through 
a fissure into the right lateral surface of the anulus. 


Internal disc disruption 

Internal disc disruption, as described by Crock 
(1986), is a much more common degenerative 
phenomenon, and a much more common cause of 
low back pain, and/or referred pain to the lower 
limb, than nuclear herniation with a radiculopathy. 
This involves both circumferential and radial Assuring 
of the anulus fibrosus. This Assuring, together with 
typical pain provocation, can be demonstrated on 


discography, and axial discography can also demon- 
strate clearly the degree of both circumferential and 
radial Assuring (Figure 4.8B). There is a good correla- 
tion between Assuring involving the outer third of the 
anulus and discogenic pain syndromes (Sachs, 1987). 
The fissured disc tends, eventually, to become revas- 
cularized, by the ingrowth of vessels (see Figures 
4.12 and 4.13), often from the vertebral end-plate. 
According to Vernon-Roberts and Pirie (1977), 
nerves also grow into the disc with the vessels. 
Vertical, i.e. , intraspongious disc herniations, or 
Schmorl's nodes (Figure 4.5), are the most common 
of all disc prolapses, but they are usually a devel- 
opmental event, probably occurring in childhood or 
adolescence through a cartilage end-plate weakness 
left by the notochord. Schmorl’s nodes affect 38% of 
the normal population and Hilton et al ., (1976) 
claimed that these nodes predispose to disc 
degeneration. 

An example of a cartilage end-plate indentation, or 
weakness, in the superior surface of the first sacral 
body of a 75-year-old male is shown in Figure 4.9. The 
lumbosacral intervertebral disc is relatively normal 
apart from the minor posterior midline herniation. In 
contrast, the superior end-plate of the fifth lumbar 
vertebral body shows a small Schmorl’s node lesion 
with calcification surrounding it. The fourth lumbar 
intervertebral disc shows degenerative changes. 



Figure 4.9 A sagittal section showing the lower lumbosac- 
ral spine from a 75-year-old male. The L5 intervertebral disc 
appears to be relatively normal with only slight posterior 
herniation. The superior surface of the first sacral body (SI) 
shows cartilage end-plate (EP) indentation or weakness 
(arrow) in the region where the notochord developed. The 
superior end-plate of the fifth lumbar vertebral body 
contains a small Schmorl's node lesion where a vertical, or 
intraspongious, herniation (arrow head) has occurred with 
calcification surrounding it. Note the degenerative changes 
within the L4 intervertebral disc, i.e., thinning with degen- 
erative changes of its nucleus pulposus and anulus fibrosus. 
C = cauda equina; S = spinous process of L5 vertebra; L = 
ligamentum flavum 
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Instability 

Loosening of the motion segment was described by 
Schmorl and Junghanns (1971), Morgan and King 
(1957), Crock (1986), Friberg (1987), and Keim and 
Kirkaldy-Willis (1987) and many others. This is 
associated with injury or degenerative changes in 
both the intervertebral disc and the zygapophysial 
joints (see Figure 20.5). The patient complains of 
recurrent attacks of low back pain associated with 
minor stressful incidents and has difficulty in rising to 
the erect posture from a flexed position. Axial scans 
often show unilateral subluxed zygapophysial facets, 
suggesting a rotational strain, as Farfan (1973) and 
Kirkaldy-Willis (1983) described. A CT axial scan 
done with the spine in torsion will sometimes 
demonstrate abnormal zygapophysial facet diastasis 
during rotation (Kirkaldy-Willis, 1983; McFadden and 
Taylor, 1990). In the early stages, strengthening of 
rotary muscle support and control of the lumbar 
spine may assist in managing the problem, reducing 
pain, and avoiding surgery. According to Kirkaldy- 
Willis (1983), the unstable segment tends naturally to 
stabilize with advancing age. 

The age of onset and the rate of progression of 
intervertebral disc degeneration vary greatly in differ- 
ent individuals, and the role of excessive or chronic 
stress on the spine can initiate or accelerate disc 
degeneration (Donohue, 1939). Degradative changes 
appear in the disc by the second decade and 
thereafter show variable but relentless progression 
(Taylor and Ghosh, 1978). Considerable lumbar disc 
degeneration has been found in most spines of 40 
years of age (Schmorl and Junghanns, 1971). In an 
investigation of ageing and degeneration in lumbar 
intervertebral discs, Pritzker (1977) found that (a) 
with ageing, two new ceil types appear, that is giant 
chondrons in discs over 30 years of age and mini- 
chondrons in association with microfracture of the 
cartilage end-plate; (b) there were focal histological 
changes in the cartilage end-plate which appeared to 
precede histological changes in the nucleus pulposus 
and anulus fibrosus; and (c) there was generalized 
thinning, ossification, and disruption of the end- 
plates; this was seen only in collapsed discs and was 
indicative of advanced pathological processes. 

The major morphological features of the ageing 
disc, that is, a shrinking in the volume of the nucleus 
pulposus and a less distinct nucleus pulposus, have 
been repeatedly asserted (Smith, 1930; Donohue, 
1939; Saunders and Inman, 1940; Peacock, 1952; 
Brown, 1970; Taylor and Akeson, 1971; Bijlsma and 
Peerboom, 1972) and linked to joint instability. 

Progressive desiccation of the nucleus pulposus or 
injury resulting in the escape of nuclear material is 
said to allow adjacent vertebrae to approximate each 
other, leading to bulging of the anulus fibrosus, with 
lifting of the adjacent periosteum leading to osteo- 
phyte formation on the edges of the articulating 


surfaces of vertebral bodies (McRae, 1977). Also, with 
advancing age, the hallmarks of spondylosis appear in 
cases of spinal curvature, first on the concave side of 
the curvature, with the convex side being relatively 
spared. On the concave side, disproportionate load- 
ing, together with reduced movement can be invoked 
as responsible for the changes, at least in part (Taylor 
and Ghosh, 1978). 

Intervertebral disc degenerative changes were dis- 
cussed earlier and details provided elsewhere (Farfan, 
1973; Adams and Hutton, 1985; Saal, 1990). However, 
changes affecting the articular triad are further dis- 
cussed here, with anatomical and histopathological 
examples, to ’emphasize the possible clinical impor- 
tance of changes which can affect a given spinal level. 

Posterolateral intervertebral disc 
herniation 

Early accounts of intervertebral disc herniation were 
described by Mixter and Barr (1934) and an example 
of a posterior midline subligamentuous herniation of 
the second lumbar intervertebral disc, causing com- 
pression of the cauda equina, is shown in Figure 4. 10. 
A corresponding parasagittal histological section 
showing the herniation' is depicted in Figure 4.11, 
which clearly illustrates compression of a root 
comprising part of the cauda equina. 

Posterior herniation of intervertebral disc material, 
with or without accompanying osteophytic spurs, 
also frequently causes significant compression of 
vascular structures within the spinal canal as shown 
in Figure 4.12. 

Blood vessels are frequently seen in degenerating 
intervertebral discs from elderly cadavers (Figures 
4.12 and 4.13) although normal adult intervertebral 
discs do not possess any blood vessels (Kramer, 1977; 
Katz et al., 1986; Yasuma et al., 1993). 

In some specimens the dural sleeve containing the 
nerve roots, or nerve root and ganglion, become 
attached via adhesions to prolapsed intervertebral 
disc material (Figure 4.14). 

Anterolateral intervertebral disc 
herniation 

According to Kramer (1990), increased interest in 
structural and functional disorders of the spine 
caused by degenerative change was generated by the 
mounting incidence of disc-related disorders and the 
realization that these conditions often affect other 
organs. Furthermore, emphasis on pathoanatomical 
alterations led the medical community to neglect 
functional disturbances which could not be 
substantiated by morphological findings, with the 
result that these conditions were then often treated 
by paramedical’ practitioners (Kramer, 1990). 
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Figure 4.10 Part of a spinal column extending fromTl 1 to S3 is shown bisected 
in the sagittal plane into left (L) and right (R) halves. The intervertebral discs 
appear to be relatively normal for a 62-year-old male apart from the large posterior 
midline subligamentous herniation of the second lumbar intervertebral disc 
(arrow) which is causing some stenosis with compression of the dural tube and its 
cauda equina at this level. 



Figure 4.11 Parasagittal compression of the dural tube (D) 
due to herniation of the L2 intervertebral disc (large arrow) 
shown in Figure 4.10. Note how in this 200 pm thick 
histological section a nerve root comprising part of the 
cauda equina is also compressed (tailed arrow). L = lamina 
of L2 vertebra; LF = ligamentum flavurn; SA = subarachnoid 
space within the dural tube. (Ehrlich’s hacmaioxylin and 
light green counterstain.) 
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Figure 4.12 A 200 pm thick histologica l section showing a lumbosacral posterior midline intervertebral disc herniation, with 
large bilateral osteophylic spurs (S) projecting into the intervertebral canal and causing stenosis of the canal and traction and 
occlusion of the adjacent vascular structures (V tailed arrow). D = intervertebral disc; L5 = fifth lumbar vertebral body; N = 
neural structure within the dural tube; SI = first sacral body; V (arrow) = small blood vessel. (Ehrlich's haematoxylin and light 
green counterstain.) 



Figure 4.13 A 200 pm thick histological section cut in the parasagittal plane through the lumbosacral joints of an 82-year-old 
female which shows blood vessels (V) within the posterior region of the anulus fibrosus (A). Note the hyaline articular cartilage 
of the end-plate (E) and the posterior orientation of the anular fibres in this lumbosacral zygapophysial joint. LF = ligamentum 
flavtim, N = large neural structures within the intervertebral canal, (Ehrlich's haematoxylin and light green counterstain.) 


Copyrighted Material 




62 Clinical Anatomy and Management of Low Back Pain 



Figure 4.14 A 200 pm thick histological section, cut in the para- 
sagittal plane through the lumbosacral intervertebral canal of a 59-year- 
old female which shows an adhesion (tailed arrow) between the dural 
sleeve (arrow) and the intervertebral disc herniation. D = inter- 
vertebral disc; LF = ligamentum flavum; N = neural structures within 
the dural sleeve (arrow); S = osteophytic spur on the inferior 
posterolateral margin of the fifth lumbar (L5) vertebral body; SI = first 
sacral segment. (Ehrlich’s haematoxylin and light green counter- 
stain.) 



Figure 4.15 Part of the lower lumbosacral spine and its 
innervation shown schematically (lateral view). 1 = anterior 
primary ramus of the spinal nerve; 2 = anterior primary 
ramus branch to the intervertebral disc; 3 = posterior 
primary ramus of the spinal nerve; 4 = medial branch of the 
posterior primary ramus with an adjacent zygapophysial 
joint capsule (articular) branch, and a descending branch to 
the zygapophysial joint capsule (articular branch) one joint 
lower; 5 = lateral branch of the posterior primary ramus; 
GRC = grey ramus communicans; P = paraspinal autonomic 
ganglion; TVP = transverse process; ZJC = zygapophysial 
joint capsule; arrow = part of mamillo-accessory ligament. 
The dashed lines show the approximate region of the L4-S1 
vertebral segments retained with some adjacent soft tissues 
for histological processing and examination. (Modified and 
reproduced with permission from Giles, I..G.F (1989) 
Anatomical Basis of Low Back Pain. Williams and Wilkins, 
Baltimore.) 
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Intervertebral disc herniation with vertebral body 
osteophytes which affect the paravertebral auto- 
nomic ganglia (Nathan, 1962, 1968, 1987) have been 
implicated in the vertebrogenic autonomic syndrome 
by Jinkins et. al. (1989) (also see Chapter 17). 

This section presents some preliminary morpho- 
logical findings which show how the paraspinal 
autonomic nervous system may be subjected to 
biomechanical (deformation) influences in the region 
of the paraspinal autonomic ganglia. 

Lumbosacral spines were removed at autopsy from 
three elderly human cadavers aged 73-76 years 
(mean 74 years) then radiographed in the postero- 
anterior, lateral, and left and right 45° posterior 
oblique positions, then cut into blocks of tissues. 
These blocks comprised parts of the L4-S1 vertebral 
bodies with some adjacent soft tissues, as dia- 



Flgure 4.16 Diagram (not to scale) of a superior view of a 
lumbar vertebra and some of its associated soft tissue 
structures (see Figure 17,1 for greater detail). A = anterior 
longitudinal ligament; B = part of Batson’s venous (epidural) 
plexus; N = nerve roots (cauda equina); NT = nucleus 
pulposus of the intervertebral disc; P = posterior longitudi- 
nal ligament; 1 = anterior and posterior spinal roots, 
respectively, giving rise to a spinal nerve; 2 = spinal 
ganglion; 3 = anterior primary ramus of the spinal nerve; 4 
= posterior primary ramus of die spinal nerve; 5 = 
sinuvertebral nerve; 6 = autonomic (sympathetic) branch to 
the sinuvertebral nerve; 7 = grey ramus communicans; 8 = 
normal paraspinal autonomic ganglion; 8a = paraspinal 
autonomic ganglion being distorted by an osteophyte 
projecting from beneath the intervertebral disc; 9 = anterior 
paraspinal afferent autonomic branch; 10 = anterior para- 
spinal efferent autonomic branch. The dashed lines show 
the approximate region of the body with some adjacent soft 
tissues retained for histological examination [Modified and 
redrawn from: Jinkins et al. (1989), Pedersen et al. (1956), 
Edgar and Ghadially (1976), Bogduk (1984).) (Reproduced 
with permission from Giles, L.G.F. (1992) Paraspinal auto- 
nomic ganglion distortion due to vertebral body osteophyto- 
sis: a cause of vertebrogenic autonomic syndromes? J. 
Manipulative Physiol. Ther, 15, 551-555.) 


grammatically shown by lateral and superior views, 
respectively (Figures 4 . 1 5 and 4 . 1 6), which also show 
part of the sympathetic chain. The sympathetic chain 
continues to become closely adherent to the anterior 
surface of the sacrum, running just medial to the 
pelvic foramina, to meet on the surface of the coccyx 
as the ganglion impar (Esses et al., 1991) 

Depending upon the position of a section within 
the block, spines with large osteophytes in the 
vicinity of paraspinal autonomic nerves and ganglia 
showed that these structures can be considerably 
distorted by such osteophytes. The osteoligamentous 
blocks of tissues removed from the spine were 
radiographed before being processed and an example 
of a radiograph from a 73-year-old male shows how 
large claw osteophytes have developed bilaterally, 
adjacent to the lateral margins of the L4-5 inter- 
vertebral disc (Figure 4.17). 

Flistological examination of vertebral bodies from 
L4 to SI with their adjacent soft tissues, cut in the 
coronal plane from posterior to anterior, were 
examined to determine whether lateral vertebral 
body osteophytosis affected adjacent neural struc- 
tures. The serial sections included various anatomical 



Figure 4.17 Radiograph showing part of the L4-S1 spinal 
blocks of tissue from a 73-year-old male, with intervertebral 
disc spaces (D) on each side of the L5 body. S = part of the 
first sacral segment. Arrows show osteophytes on the left 
and right sides of the vertebral bodies. (Reproduced with 
permission from Giles, L.G.F. (1992) Paraspinal autonomic 
ganglion distortion due to vertebral body osteophytosis: a 
cause of vertebrogenic autonomic syndromes? J. Manip- 
ulative Physiol. Ther., 15, 551-555.) 
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structures and part of the corresponding histological 
anatomy of the L4-5 intervertebral disc and L5 
vertebral body shown in Figure 4.16, which shows 
how a membrane encloses part of the neurovascular 
structures which are usually in close proximity to the 
spine (Figure 4.18). 

The anulus fibrosus and end-plates are clearly 
shown on each side of the L4-5 intervertebral disc 


between the respective vertebral bodies, as are the 
large osteophytes on these vertebral bodies adjacent 
to the lateral margins of the disc. On the left of the 
L4-5 intervertebral disc shown in Figure 4.18, a 
nerve is being distorted in its course as it passes the 
lateral osteophytes, and an example of tractioning of 
the autonomic chain nerves on the right side of the 
L5-S1 intervertebral joint is seen in Figure 4.19. 



Figure 4.18 Histological section showing a 200 pm thick section cut 
in the coronal plane through the fifth lumbar vertebral body (L5) with 
adjacent L4-5 intervertebral disc (D) Note the large osteophytes 
(arrows) which have developed adjacent to the lateral margins of the 
L4-5 intervertebral disc bilaterally. A membrane (M) encloses part of 
the neurovascular structures which are closely related to the spine. On 
the left side the osteophytes are distorting the nerve (N).There is some 
unfolding of the innermost anular fibres. (Reproduced with permis- 
sion from Giles, L.G.F (1992) Paraspinal autonomic ganglion distortion 
due to vertebral body osteophytosis: a cause of vertebrogenic 
autonomic syndromes? J. Manipulative Physiol. Ther., 15, 551-555.) 



Figure 4.19 The paraspinal autonomic chain on the right side (arrows) 
is tractioned due to the large osteophone (S) on the inferior antero-lateral 
margin of the fifth lumbar (L5) vertebral body. D = intervertebral disc; N 
= lumbar paraspinal autonomic ganglion. 
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In some histological sections from the same 
specimen the claw osteophytes were seen to deform 
the paraspinal autonomic ganglion (Figure 4.20). 

Although numerous authors have documented that 
radiologically demonstrable but asymptomatic’ disc 
disease occurs (Isherwood andAntoun, 1980;Vanhar- 
anta etal., 1985), it probably depends on the degree 
and position of joint osteophytosis as to whether 
associated paraspinal autonomic tissues are affected. 
Some authors have suggested that functional dis- 
orders of viscera may occur due to vertebral lesions, 
and Kunert (1965) and Lewit (1985) have attempted 
to provide a rationale to explain the possible mecha- 
nisms involved in any such vertebrogenic symptom 
complex. However, controlled clinical studies to 
investigate these hypotheses have not been con- 
ducted, so there is, at present, no scientific proof of 
visceral involvement. 

Recent scientific studies have suggested that a 
relationship may exist between abnormal vascular 
changes and neural tissue degenerative changes 
within the intervertebral foramen (Giles and Kaveri, 
1990; Giles, 1991; Jayson, 1992; Rydevik, 1992). 

A meticulous radiological study was performed by 
Jink ins et ai (1989) to provide an anatomical basis for 
any possible relationship between lumbar disc extru- 
sion and the vertebrogenic symptom complex, which 
includes (1) local and referred pain, and (2) auto- 



Figure 4.20 A paraspinal autonomic ganglion (N), contain- 
ing cell bodies, which appears to be tractioned by a large 
osteophyte (arrow) on the infero-lateral margin of the body 
of the L5 vertebra. D = intervertebral disc. 


nomic reflex dysfunction, which may be observed as 
generalized alterations in viscerosomatic tone asso- 
ciated with the autonomic syndrome. Jinkins (1993) 
also discussed in detail the pathoanatomic basis of 
somatic and autonomic syndromes originating in the 
lumbosacral spine and elaborates on these syndromes 
in Chapter 17. 

The vertebrogenic autonomic syndrome could well 
be associated with lumbar disc degenerative changes 
with accompanying osteophyte formation causing 
traction and/or compression of adjacent paraspinal 
autonomic nerves and ganglia, as has been demon- 
strated in this histological study. It seems reasonable 
to postulate that autonomic reflex dysfunction may 
result from (1) abnormal microvascular circulation in 
paraspinal autonomic neural structures, and (2) 
abnormal axoplasmic flow occurring within neural 
structures affected by osteophytes. These findings 
may help to explain what has been observed as a 
clinical impression by chiropractors, osteopaths and 
medical manipulators that, following spinal manipula- 
tion for spinal pain of mechanical origin, some 
patients report relief from visceral dysfunction, for 
example in cases of idiopathic indigestion’. In 
addition, other basic science documentation indi- 
cates a functional relationship between spinal joints 
and viscera, as evidenced by the work of Sato (1980, 
1992) in which noxious and non-noxious somatic 
stimuli, at various spinal segmental levels, can 
reflexly affect visceral organ functions. Clearly, fur- 
ther basic science research is required to shed more 
light on any possible pathophysiological consequen- 
ces and mechanisms involved in the vertebrogenic 
autonomic syndrome. 

Intervertebral disc degeneration and 
its possible effect on zygapophysial 
joint hyaline articular cartilage and 
intervertebral canal structures 

When the intervertebral disc of the articular triad 
degenerates, the zygapophysial joints frequently also 
show degenerative changes. An example of these 
linked degenerative changes will be shown in this 
chapter, including plain film radiographs of the 
specimen used for histological demonstration. 

In order to show the clinical relevance of inter- 
vertebral disc degeneration and its possible effects on 
zygapophysial joint hyaline articular cartilage, some 
important aspects of hyaline articular cartilage are 
briefly summarized here, although a detailed descrip- 
tion of normal and osteoarthritic hyaline articular 
cartilage is given in Chapter 5. 

Normal adult hyaline articular cartilage of the 
zygapophysial joints (Hadley, 1964; Meachim and 
Stockwell, 1979; Bulloughand Boachie-Adjei, 1988) is 
considered to be avascular and aneural (Ghadially, 
1981; Malemud and Muskowitz, 1981) except at its 
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periphery (Stockwell, 1979). Cartilage thickness 
varies in different parts of the same joint (Gardner, 
1978) but it is generally thicker at the periphery of 
concave surfaces and at the centre of convex surfaces 
(Bullough, 1979), although this does not normally 
apply to the concave surfaces of zygapophysial joints 
of the human lumbar spine as the cartilage is thicker 
at the centre of the concave and convex surfaces 
(Giles, 1989). The combined thickness of the paired 
hyaline articular cartilages across the centre of the 
zygapophysial joints in the lumbar spine is approx- 
imately 2-2.4 mm (Fick, 1904; Giles and Taylor, 
1984). Hyaline articular cartilage essentially consists 
of a dense extracellular matrix populated by a sparse, 
diffuse population of chondrocytes (Woessner et al 
1977). The major components of the matrix are long 
fibres of collagen, which form an arcade arrangement 
orientated perpendicular to the subchondral bone 
plate and arching round to become tangential to the 
articular cartilage surface (Benninghoff, 1925), and 
proteoglycans which fill the interstices of this mesh- 
work (see Figure 5.6 A and C). 

Just as the physiology of the zygapophysial joints 
cannot be divorced from consideration of other 



Figure 4.21 Posteroanterior view of the lower lumbosacral 
spine (L4 to SI levels) of a 73-year-old male showing a 
normal intervertebral disc space at L4-5 with relatively 
normal alignment of the paired articular facet surfaces of the 
articular processes on the left and right sides of the spine. 
The relationship of the superior articular processes (S) of 
the L5 vertebra to the pedicles (P) of the L4 vertebra above, 
is normal (arrow between dashed lines) The lumbosacral 
(L5-S1) intervertebral disc space is greatly diminished and 
there is an osteophytic spur (arrow S) at the inferior 
posterolateral margin of the L5 vertebral body on the left 
side. The superior articular processes (S) of the sacrum are 
in close apposition to the pedicles (P) of the L5 vertebra due 
to the greatly thinned L5-S1 intervertebral disc, in contrast 
to the normal superior articular process-pedicle relation- 
ship shown at the L4 -5 level. (Reproduced with permission 
from Giles, L.G.F. and Kaveri, M.J.P. (1991) Lumbosacral 
intervertebral disc degeneration revisited: a radiological and 
histological correlation. Man. Med., 6, 62-66.) 



Figure 4.22 Lateral view of the L4 to SI spinal joints shown 
in Figure 4.21. Note (1) the spondylosis at L5-S1 with 
advanced thinning of the intervertebral disc and adjacent 
osteophyte formation anteriorly and posteriorly, (2) the 
proximity of the superior articular processes of the sacrum 
(S) to the adjacent pedicles (P), and (3) narrowing of the 
intervertebral canal ('foramen') due to the posterolateral 
osteophytic spur (S) shown in Figure 4 21 to be on the left 
side of the L5 vertebral body. (Reproduced with permission 
from Giles, L.G.F and Kaveri, M.J.P (1991) Lumbosacral 
intervertebral disc degeneration revisited: a radiological and 
histological correlation. Man. Med., 6, 62-66.) 


elements of the mobile segment, pathological chan- 
ges of the intervertebral disc may be expected to 
affect the function of the zygapophysial joints (Farfan, 
1973; Kirkaldy-Wilbs, 1983). Thus, thinning of the 
intervertebral disc (Figures 4.21 and 4.22), either as a 
result of a degenerative process or a loss of disc 
substance, results in approximation of adjacent verte- 
bral bodies, with accompanying subluxation (imbri- 
cation, telescoping) of the opposing hyaline articular 
cartilages of the adjacent zygapophysial joints (Ingel- 
mark, 1959; Hadley, 1964). 

Ultimately, osteoarthritic degenerative changes of 
the zygapophysial joint occur (Figures 4.22-4.24) 
(Ingelmark, 1959; Farfan, 1977) with encroachment 
upon the intervertebral canal (Meisel and Bullough, 
1984). This segmental instability is also associated 
with traction spurs (Stokes and Frymoyer, 1987), 
although the presence of anatomical abnormalities 
often correlates poorly with the presence of pain 
(McCarron et al., 1987), probably because of the 
limitations of clinical imaging systems. However, 
lumbar intervertebral disc degeneration has a sig- 
nificant association with low back pain (Biering- 
Sorensen et al., 1988) as is the case with osteoar 
thritis (Meisel and Bullough, 1984), a ubiquitous, 
slowly developing articular disease (Swanson and de 
Groot Swanson, 1985), which is said to be primary’ 
when no aetiological factors can be discerned and 
secondary’ when there is an identifiable cause (Dick, 
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1972) such as abnormal wear and tear due to faulty 
joint mechanics (Mitchell and Cruess, 1977; Bland, 
1983; Kerr and Resnick, 1984) which can result from 
intervertebral disc degeneration. 

A histological section of part of the fifth lumbosac- 
ral intervertebral disc and part of the left lumbosacral 


Figure 4.23 A 100 pm thick sagittal section through the left 
zygapophysial joint and the posterolateral region of the 
L5-S1 intervertebral disc (D) of a 73-year-old male cadaver. 
Note the osteophytic spur formation (S), particularly at the 
inferior posterolateral region of the L5 vertebral body, 
adjacent to the minor intervertebral disc protrusion, with 
encroachment upon the intervertebral canal. An osteophytic 
spur (S) has also developed at the base of the superior 
articular process (SAC) of the sacrum. Subluxation of hyaline 
articular cartilage surfaces has resulted in the cartilage on 
the inferior articular process of the fifth lumbar vertebra 
(L5) articulating with the boney spur (S) at the base of the 
superior articular process (SAC) of the sacrum. This has led 
to fibrillation and deep Assuring within the cartilage The 
area enclosed by the rectangle is enlarged for Figures 
4.24-4.25. Note the proximity of the superior articular 
process of the sacrum to the adjacent pedicle (P) of the L4 
vertebra which shows some sclerotic changes. (Reproduced 
with permission from Giles, LG F and Kaveri, M.J R (1991) 
Lumbosacral intervertebral disc degeneration revisited: a 
radiological and histological correlation Man. Med . , 6, 
62 - 66 .) 


Figure 4.24 Light photomicrograph of the rectangle 
shown in Figure 4.23 which shows fibrillation and Assuring 
of the L5 hyaline articular cartilage. (Reproduced with 
permission from Giles, L.G.F and Kaveri, M.J.P (1991) 
Lumbosacral intervertebral disc degeneration revisited: a 
radiological and histological correlation. Man. Med., 6, 
62 - 66 .) 


zygapophysial joint in Figure 4.21 shows, in Figure 
4.23, that intervertebral disc thinning and protrusion 
can result in (i) osteophytic spur formation adjacent 
to the intervertebral disc, (ii) subluxation of opposing 
surfaces of hyaline articular cartilage of the zygapo- 
physial joints, (iii) approximation of the superior 
articular process of the sacrum to the pedicle of the 
fifth lumbar vertebra, and (iv) narrowing of the 
superior to inferior and anteroposterior diameters of 
the intervertebral canal, which results in diminution 
in size of the intervertebral canal through which 
neural and vascular structures pass. Furthermore, 
subluxation of opposing hyaline articular cartilages 
can be associated with subsequent degenerative 
changes within this cartilage, ranging from early 
fibrillation to Assuring, and finally, to total destruction 
with eburnation of the subchondral facet surfaces. 

Figures 4.23-4.25 show some of these features as 
seen by light microscopy using transmitted and 
darkfield techniques, respectively. 
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Figure 4.25 Dark field photomicrograph of the rectangle 
shown in Figure 4.23. Note the additional information 
recorded, i.e. the deep fissuring of the hyaline articular 
cartilage (arrows) with clear changes in the appearance of 
the chondrocytes adjacent to the deep fissures. (Repro- 
duced with permission from Giles, L.G.F. and Kaveri, M.J.P 
(1991) Lumbosacral intervertebral disc degeneration revis- 
ited: a radiological and histological correlation. Man. Med., 
6,62-66.) 


Biomechanical implications of 
intervertebral disc degeneration 

Biomechanical studies have shown that, during com- 
bined compression and bending loads, the zygapo- 
physial joints carry from 12 to 25% of the total 
intervertebral load (Bullough and Boachie-Adjei, 
1988). However, Adams and Hutton (1983) showed 
that intervertebral disc narrowing can cause the 
zygapophysial joints to carry up to 70% of the 
intervertebral load, dependent on posture and seg- 
mental location, within the lumbar spine. 

The foregoing case study demonstrates some his- 
tological changes which can be associated with 
advanced thinning of, and minor protrusion of, the 
intervertebral disc at the lumbosacral joint in a 
73-year-old cadaver. The subsequent subluxation of 
the hyaline articular cartilage surfaces is associated 
with secondary’ osteoarthritic changes within the 


cartilage where its surface approximates a bony 
spur; this osteoarthritis represents synovial joint 
failure (Dieppe and Watt, 1985) and can, in turn, 
initiate low back pain (Bullough and Boachie-Adjei, 

1988) . Furthermore, should the large innervated 
synovial fold, located in the inferomedial joint 
recess, become pinched, due to zygapophysial joint 
subluxation, traumatic synovitis could occur with 
resultant pain (Keim and Kirkaldy-Willis, 1987; Giles, 

1989) . 

This set of radiographs and photomicrographs 
emphasizes that the interpretation of radiological 
investigations of low back pain sufferers should take 
into account the limitation of radiological examina- 
tions. Nonetheless, it is emphasized that, in spite of 
the limitations of radiology, radiographic investiga- 
tions provide an important and necessary clinical 
procedure in the differential diagnosis of the low 
back pain syndrome, which may have a varied 
pathogenesis and may originate from a variety of 
anatomical sites (McCarron et al., 1987). 

Finally, while degenerative changes affecting the 
intervertebral disc have frequently been associated 
with osteoarthritis of the adjacent zygapophysial 
joints and their hyaline articular cartilage, it is 
important to note that Ziv et al. (1993) found that, 
even in the young adult, a considerable proportion of 
fresh post-mortem spines had zygapophysial joint 
hyaline articular cartilage showing ulceration or 
severe fibrillation, and that this proportion appeared 
to remain constant throughout adulthood. Therefore, 
Ziv et al. (1993) suggest that zygapophysial joint 
hyaline articular cartilage can degenerate early in life, 
independently of the age-related changes which 
occur in the intervertebral disc. 
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Zygapophysial (facet) joints 

L.G.F. Giles 


Anatomy 


The lumbar zygapophysial (facet, interlaminar) syno- 
vial joints lie posterolateral to the lumbar spinal canal 
and posterior to the intervertebral canals (foramina) 
(Baddeley, 1976). The lumbar articular processes and 
zygapophysial joints, originally oriented in the coro- 
nal plane, assume their final form and orientation 
during childhood (Lutz, 1967). These joints are 
approximately sagittally oriented in the upper lumbar 
spine, rotating toward the coronal plane at the 
lumbosacral junction (Pheasant, 1975; Park, 1980) 
(Figure 5.1). 

The lumbar zygapophysial joints are biplanar, with 
the major posterior parts of the joint approximated to 
the sagittal plane (Taylor and Twomey, 1986). There is 
a wide range of variability of the lumbosacral joint 
planes in the horizontal plane, and asymmetry 
(tropism) in the joint planes comparing left and right 
sides is common (Cihak, 1970) (Figure 5.2). 

Tropism, especially if it is marked, is currently a 
subject of intense interest because it has the potential 
markedly to alter the biomechanics of lumbar spinal 
movements and precipitate early degenerative chan- 
ges either in the joint or adjacent intervertebral discs, 
abnormalities that may contribute to back pain (Tulsi 
and Hermanis, 1993). 

A relationship exists between the orientation of 
the zygapophysial joints and the orientation of their 
related laminae, for example, at L5-S1 the zygapo- 
physial joints and the laminae are more coronally 
orientated (van Schaik et at . , 1985). The superior 
articular processes project upward, curving dorsally 
and laterally from the junction of the pedicle and 
upper margin of the lamina, and have a smooth 
concave cartilaginous articular surface averaging 10 
X 18mm in adults (Weinstein et at., 1977) (Figure 
5.3). 


On the posterior aspect of the base of the superior 
articular process, extending posteriorly, is a protuber- 
ance of variable size called the mamillary process 
(Rauschning, 1983), and at the base of the transverse 
process, posteriorly, is a small accessory process 
(Farfan, 1973; Gardner et at., 1975). Between the 
mamillary and accessory processes a fibrous band, 
called the mamillo-accessory ligament (Bogduk, 1981; 
Francois et at , 1985), usually bridges over a groove of 
variable depth forming a tunnel about 6 mm long 
(Bradley, 1974). This ligament is occasionally ossified, 
rather than being fibrous (Bogduk, 1981), and can 
then be seen on radiographs (Koehler and Zimmer, 
1968). This tunnel transmits the medial branch of the 
posterior primary ramus as it descends from the 
intervertebral canal immediately above (Bogduk et at . , 
1982), as well as small blood vessels, to the posterior 
paraspinal muscles (Farfan, 1973) The medial branch 
of the posterior primary ramus and its associated 
structures are discussed in detail in Chapter 14. 

The zygapophysial joint is a synovial joint which is 
formed by the convex laterally facing inferior articu- 
lar process of the upper vertebra, and the concave 
medially facing superior articular process of the 
lower vertebra (Hadley, 1961; Koreska et at . , 1977; 
Taylor and Twomey, 1986). It is a true diarthrodial 
joint, complete with a joint capsule (Figure 5 4) and 
synovial lining (Keim and Kirkaldy-Willis, 1987). 

The joint cavity is normally potential rather than 
real because it contains only a very small volume of 
synovial fluid (Moore, 1992) and the capacity of the 
lumbar zygapophysial joints is only 1-2 ml (El-Khoury 
and Renfrew, 1991) Parts of the lumbar zygapophy- 
sial joint synovial folds project into the joint, from 
above and below, but particularly from the larger 
inferior recess (Giles and Taylor, 1984, 1985; Giles, 
1989) The normal appearance of L4-5 and L5-S1 
zygapophysial joint superior and inferior recesses 
during arthrography shows that the inferior recesses 
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Figure 5.1 Superior to inferior radiographic images of the 
L3-S1 zygapophysial joints. Note that the horizontal plane 
of the L3-4 zygapophysial joint (A) is more sagittal than that 
of the 1.5 -SI zygapophysial joint (C). B = L4-5 zygapophy- 
sial joint. 
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Figure 5-2 The variability of lumbosacral joint planes. 
(Modified from Cihak, R. (1970) Variations of lumbosacral 
joints and their morphogenesis. Acta Universitatis Car- 
olinae Medica, 16, 145-165.) (Reproduced with permission 
from Giles, LG.F. (1989) Anatomical Basis of Low Back 
Pain. Williams and Wilkins, Baltimore.) 



Figure 5-3 Two adjacent lumbar vertebrae. A = accessory 
process; B = body of vertebra; C = capsule (fibrous portion); 
D = intervertebral disc of the intervertebral joint (an 
amphiarthrodial joint); F = facet of superior articular 
process; H = hyaline articular cartilage of the zygapophysial 
synovial joint (a diarthrodial joint); I = inferior articular 
process; L = lamina; M = mamillary process; P = pars 
interarticularis; S = superior articular process; SP = spinous 
process; T = transverse process. 
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Figure 5.4 Large recesses are present within each extrem- 
ity of the zygapophysial joint capsule; these recesses contain 
synovia] lined adipose tissue which communicates with 
extracapsular adipose tissue through a small foramen within 
the capsule at approximately the pole of each capsule 
(arrows) L4 = body of 4th lumbar vertebra; T = transverse 
process; C = capsule of joint; DR = dorsal ramus (posterior 
primary ramus); M = medial branch of posterior primary 
ramus. (Modified from Dory, M A. (1981)Arthography of the 
lumbar facet joints. Radiology 140, 23-27.) 


are larger, and that the inferior recess is larger at 
L5-S1 than at L4-5; the contrast medium can appear 
well below the level of the lumbosacral joint capsule 
(Giles, 1984) due to contrast medium passing into the 
extracapsular recess (Figure 5.5) 

Each superior articular recess lies directly above 
the cranial end of the joint space. It is bounded 
posteriorly by the dorsal leaf of the intertransverse 
ligament, medially by the lateral surface of the 
vertebral lamina, and ventrally by the lateral part of 
the ligamentum flavum, which protrudes slightly 
beyond the lamina at this point (Lewin et al., 1961). 
The ligamentum flavum does not completely separate 
the recess from the intervertebral canal and the 
adipose tissue in the recess becomes continuous with 
that around the spinal nerve in the intervertebral 
canal (Tondury, 1940; Lewin et al., 1961). 

Each inferior articular recess lies caudal and 
anteromedial to the tip of the inferior articular 
process, where its location is identified by a con- 
spicuous bony fossa on the posterior surface of the 
adjacent lamina of the lower vertebra (Lewin et al . , 
1961). The lateral boundary of this fossa is formed by 
a ridge of bone which runs from the lamina to the 
base of the superior articular process; the inferior 
recess of the lumbosacral joint is marked by a similar 
but larger fossa on the posterior aspect of the sacrum 
(Lewin et at, 1961). 

According to Tondury (1940) and Dorr (1958), the 
function of the adipose tissue in the recesses is to 
cushion and moderate the load on the joint process. 



Figure 5.5 Normal oblique zygapophysial joint artlmv 
grams of a 21-year-old male. Note the well delineated 
superior and inferior joint recesses of the L4 - 5 joint capsule 
(A) and the apparent 'leakage' (arrows) of contrast medium 
well below the margin of the L5-S1 joint capsule (B) due to 
contrast medium passing into the extracapsular recess (see 
Figure 18.1). (Reproduced with permission from Giles, 
L.G.F. (1984) Lumbar apophyseal joint arthrography /. 
Manipulative Physiol, Tber., 7, 21-24.) 


However, Lewin et al. (1961) disagree because the 
adipose tissue extends through the joint capsule, thus 
becoming an ideal, easily displaceable space filler 
which facilitates, rather than restricting, movement 
of the joint processes, the articular processes of 
which can move 5-7 mm on each other in the sagittal 
plane. The adipose tissue which extends inside the 
joint capsule is covered with synovial lining cells 
which lubricate the joint (Lewin et al., 1961; Giles, 
1989) (see Figure 5.15). 

Furthermore, the combination of synovial and 
adipose tissue is characteristically seen in those parts 
of joints where the loading is minimal (Lewin et al., 
1961). 
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Function 

The function of the lumbar zygapophysial joints is to 
guide and restrain movement between vertebrae and 
to protect the discs from shear forces, excessive 
flexion, and axial rotation (Adams and Hutton, 1983; 
Putz, 1 985; Taylor and Twomey, 1986). The transfer of 
biomechanical forces from one zygapophysial joint 
facet to the adjacent facet occurs via particular areas 
in flexion and extension loadings, e g on the 
superior articular surface, the contact area moves 
from the upper tip in maximum flexion to the lower 
margin in extension, while on the inferior articular 
facet, the contact area moves from the upper and 
central areas in maximum flexion to the lower tip in 
extension (Shirazi-Adl and Drouin, 1987). 

According to Hakim and King (1976), who used 
an intervertebral load cell (a transducer (Prasad et 
al. , 1973) inserted into the inferior portion of a 
cadaveric lumbar vertebral body to deduce facet 
loads), normal lumbar facets may carry up to 40% of 
the incumbent body weight. Using a similar method, 
Yang and King (1984) found that normal facets 
carry up to 25% of the incumbent body weight. 
Using cadaveric lumbar spines on a hydraulic servo- 
controlled testing machine, which gave outputs of 
applied force against deformation, Hutton and 
Adams (1980) found that an average of 16% of the 
axial load is carried by the facets. It is difficult to 
account for the large discrepancy between these 
estimates obtained by different investigators. In 
cadaveric osteoarthritic joints, facet loading may 
increase to as high as 47% of the total axial load 
(Yang and King, 1984). According to Gregersen and 
Lucas (1967), the lumbar facets are orientated so as 
to restrict axial rotation of the lumbar vertebral 
column to less than 9 degrees, and the facets and 
the disc both play major roles in resisting axial 
torsion movements (Farfan, 1983; Tencer and Mayer, 
1983). The restraints to movement at each joint are 
of two types: passive restraint (due to the articular 
facet orientation and resistance in joint capsules, the 
adjacent ligaments, and the intervertebral disc), and 
active restraint (provided by muscular contraction) 
(Smeathers and Biggs, 1980). The principal plane of 
movement in the lumbosacral spine is flexion - 
extension (Weinstein et at., 1977) 


Hyaline articular cartilage 

Hyaline articular cartilage is a highly specialized 
form of connective tissue which lines sliding joint 
surfaces (Walmsley, 1972; Rhodin, 1974; Mankin, 
1975; Bullough, 1979), including those of the zyga- 
pophysial joints (Bland, 1987; Giles, 1987). Accord- 
ing to Ziv et al. (1993), at the L4-5 level it is 
approximately 1.45 mm (SD 0.27 mm) thick at the 


centre of the concave (superior) zygapophysial joint 
facet, and 1.12 mm (SD 0.25 mm) at the centre of 
the convex (inferior) zygapophysial joint facet. How- 
ever, some authors have found the combined thick- 
ness of the paired hyaline articular cartilages across 
the centre of the joints in the lumbar spine to be 
approximately 2-2.4 mm (Fick, 1904; Giles and 
Taylor, 1984). Its chemical content and cell density 
vary in different parts of the same joint and at 
different depths within the tissue (Stockwell, 1979). 
Also, using cadaveric spines, Tobias et al. (1992) 
found that zygapophysial joint facet cartilage is 
underhydrated in situ, perhaps reflecting the per- 
manent presence of stresses in vivo on some part of 
the zygapophysial joints, the position of the loaded 
site changing with time. Its histologic zones 
(Edwards and Chrisman, 1979; Meachim and Stock- 
well, 1979; Junqueira et al, 1986; Giles, 1992a) are 
shown in Figure 5 6. 

Some authors describe hyaline articular cartilage 
as consisting of three ill-defined zones, i.e. super- 
ficial zone (with small flattened or oval chon- 
drocytes, and fine fibres arranged tangentially to the 
surface), middle zone (with chondrocytes arranged 
in columns perpendicular to the surface with decus- 
sating fibres), and deep zone (with small chon- 
drocytes in calcified cartilage lying adjacent to 
bone) (Benninghoff, 1939; Collins, 1949; Barnett et 
al., 1961; Ghadially et al, 1965; Ghadially and Roy, 
1969; Ham and Cormick, 1979). Hence, according 
to Ham and Cormick (1979), synovial joint articular 
cartilage is unique in that the surface it presents to 
articulate with its opposing articular cartilage is that 
of naked cartilage matrix. However, the ultrastruc- 
ture of adult articular cartilage has been described 
in a number of human and animal studies (Cameron 
and Robinson, 1958; Davies et al, 1962; Collins et 
al, 1965; Meachim, 1967; Roy and Meachim, 1968; 
Ruttner and Spycher, 1968; Weiss et al., 1968; 
Meachim and Roy, 1969; Stofft and Graf, 1983) and 
some reference is made in the literature to a 
chondrosynovial membrane which is only a few 
tenths of a micron thick (Wolf, 1969) and which 
Wolf (1969, 1972, 1975) refers to as being of 
cartilaginous origin which may be torn off the 
articular surface like a sheet of paper’. According to 
Wolf (1975), the uppermost layer of amorphous 
substance forms the actual smooth glide’ surface of 
articular cartilage and can be distinguished from the 
undersurface layer of thin collagenous fibrils which 
smoothly pass with their fibrillar structure into the 
cartilaginous tissue beneath the membrane. Davies 
et al. (1962) described a narrow surface lamina, 
devoid of fibres, appearing to correspond to the 
lamina splendens, while Weiss et al. (1968) con- 
cluded that the lamina was fibrous. Using phase 
contrast illumination to microscopically examine 
human adult fresh and cadaveric cartilage, MacCo- 
naill (1951) showed a thin bright line at the surface 
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Figure 5-6 (B) A 100 pm thick section cut in the horizontal plane through the right lumbosacral zygapopliysial joint of a 
69-year-old female. The articular facet of the superior articular process (SI) of the sacrum and the inferior articular process 
(L5) of the fifth lumbar vertebra, are lined with hyaline articular cartilage (H). The rectangle on the 1.5 inferior articular 
process is approximately represented in (A) (magnified) which shows the histological zones of hyaline articular cartilage. 
The deeper chondrocytes are more spherical and are arranged in approximately vertical rows, whereas the superficial 
chondrocytes are flattened and are randomly located. Collagen fibres in the deeper zones are perpendicular to the cartilage 
surface, then they become parallel to the surface in the more superficial zones as shown in the schematic diagram (C) 
(Adapted from Junqueira, L.C., Carneiro, J. and Long, J.A. (1986) Basic Histology’, 5th edition. Lange Medical Publications, 
California, pp. 201-203.) 


of articular cartilage which was not visible by 
ordinary light illumination; it was so conspicuous 
that it merited the name of lamina splendens. 
However, according to Aspden and Hukins (1979), 
the so-called lamina splendens described by MacCo- 
naill (1951) is an artefact of phase contrast micros- 
copy due to a Fresnel diffraction pattern on the 
edge of a section of cartilage, while Sokoloff (1969) 
suggested that MacConaill’s bright line was a ‘halo’ 
resulting from phase contrast microscopy. 

However, Giles (1992a) reported a narrow acellular 
surface lamina on the hyaline articular cartilage in 
some normal’ human lower lumbar zygapophysial 
joints. In specimens showing relatively normal zyga- 
pophysial joints for the age group of 46-78 years 
(mean 60 years; 9M:1 IF) a narrow surface lamina was 
seen in 20 out of 80 joints (25%), as shown in Figures 
5.7A and B which include low and high power 
transmitted light photomicrographs, in some instan- 
ces there appeared to be continuity of the surface 
lamina up to the adjacent synovial folds. 


Figure 5.7 (A) A transmitted light photomicrograph of a 
section cut in the horizontal plane, at a thickness of 200 pm, 
from the left lumbosacral zygapophysial joint of a 67-year- 
old female which shows relatively normal hyaline articular 
cartilage (H) on the facet surfaces bordering the joint 
cavity'. The cartilage surfaces show minor focal fibrillation 
at the centre of the joint with minor tinctorial changes along 
the length of the cartilage indicating minor changes in the 
chondrocytes and cartilage matrix. L5P = inferior articular 
process of the L5 vertebra; SAP = superior articular process 
of the sacrum A narrow surface lamina of acellular tissue is 
seen (arrows) which appears to extend to the adjacent 
fibrous synovial fold (S) adjoining to the inner surface of the 
ligamentum flavum (L). Ehrlich's haematoxylin stain with 
light green counterstain. (Reproduced with permission from 
Giles, L.G.F. (1992a) The surface lamina of the articular 
cartilage of human zygapophysial joints. Anal. Rec., 233, 
350-356.) (B) A higher magnification of the adjacent 
cartilage surfaces showing the narrow surface lamina and 
the adjoining fibrous synovial fold (S) seen in Figure 4.4A. 
(Reproduced with permission from Giles, L.G.F. (1992a)The 
surface lamina of the articular cartilage of human zygapo- 
physial joints. Anal. Rec., 233, 350-356.) 
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Using the same histological and photographic 
techniques for osteoarthritic joints, the narrow sur- 
face lamina was not found in joints showing advanced 
osteoarthritic changes. The hyaline articular cartilage 
changes associated with osteoarthritic changes are 
discussed later in this chapter. 

Joint capsule and synovial folds 

Lumbar zygapophysial joint capsules differ from 
those of other synovial joints in having a quite unique 
capsular structure anteromedially, the ligamentum 
flavum, while posterolaterally having a typical fibrous 
capsule (Keller, 1953; Hirsch et aL, 1963; Reilly et al., 
1978) (Figure 5 8). A detailed description of the joint 
capsule and its inferior recess in situ in dissected 
cadavers, and in histological sections prepared from 
cadavers, as well as an example of a fresh (surgical) 
specimen, has been recorded elsewhere (Giles, 
1989). 



Figure 5-8 A 200 pm thick histological section cut slightly 
obliquely in the horizontal plane through the fifth lumbar 
vertebra of a 56-year-old male. C = cauda equina; CB = 
cancellous bone of the vertebral body; E = end plate 
cartilage; H = hyaline articular cartilage; 1 = interspinous 
ligament; L= ligamentum flavum; L5 = fifth lumbar vertebral 
body; M = muscle; S = spinous process. Ehrlich's haematox- 
ylin and light green counterstain 


Ligamentum flavum 

The ligamenta flava are a series of interlaminar 
ligaments (Figures 5 8 and 5 9) located within the 
spinal canal (Dommisse, 1975; Levine, 1979), cover- 
ing most of the dorsal bony wall of the spinal canal 
(Rolander, 1966;Twomey, 1981). 

The fibre direction is said to be essentially perpen- 
dicular in the medial interlaminar portion and slightly 



Figure 5-9 A 200 mm thick histological section cut in the 
parasagittal plane through the superior articular recess of 
the L4-5 zygapophysial joint of a 69-year-old female 
showing how the superior articular recess of the joint is 
'closed 1 by the ligamentum flavum (L) in this particular 
section. H = hyaline articular cartilage; N = large neural 
structures within the intervertebral canal; SAP = superior 
articular process of L5 vertebra; LAP = inferior articular 
process of L4 vertebra. Ehrlich's haematoxylin and light 
green counterstain. 


oblique in the capsular portion (Naffziger et al. , 1938; 
Ramsey, 1966). The anteromedial border of each 
ligament passes around the joint, skirts the posterior 
edge of the intervertebral foramen (Brown, 1938) and 
forms its roof (Ramsey, 1966). The medial part of each 
ligament is thicker and unites the laminae, while the 
lateral thinner portion surrounds the joints and 
blends with their fibrous capsules (Epstein, 1976). 

Microscopically, the ligamenta flava consist of 
elastic connective tissue fibres (80%) with collagen 
fibres (20%) interspersed among the elastic fibres 
(Ramsey, 1966; Kirkaldy-Willis et al., 1984). The 
elastic fibres measure about 1 pm in diameter and 
consist of fine, parallel fibres, without striations, 
when viewed by transmission electron microscopy 
(Barnett et al., 1961). The adult ligamentum flavurn is 
quite cell-poor, and the basic cell appears to be the 
spindle-shaped fibrocyte (Ramsey, 19 66). 

Where the laminae fuse to form the spinous 
process (Williams and Warwick, 1980), the ligamenta 
flava meet the membranous interspinous ligament 
posteriorly (Horwitz, 1939; Heylings, 1978; Reilly 
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etal, 1978; Fairbank and O’Brien, 1980, Williams and 
Warwick, 1980) (Figure 5.8). However, small midline 
intervals are present in the ligamenta flava for the 
passage of vessels (Williams and Warwick, 1980; 
Giles, 1989) (Figure 5.10) although Brown (1938), 
Ramsey (1966), Kapandji (1974), Lee and Atkinson 
(1978), and Ellis and Feldman (1979) thought the 
posterior margins of the ligamenta flava fused com- 
pletely in the midline. Figure 5.10 shows that the 
posterior margins of the ligamenta flava do not 
completely fuse in the midline except for a very short 
distance adjacent to the junction of the laminae and 
spinous process of the vertebra above and below a 
given mobile segment. 

In ventroflexion of the lumbar spine, the ligamenta 
flava are stretched, while in lordosis, the fibres of the 
ligamenta flava become slack, and the cross-sectional 
thickness of the ligaments increases (Breig, I960). 
These ligaments act, to some degree, as check 
ligaments in preventing hyperflexion, their elasticity 
serving to re-establish and maintain normal posture 
after flexion and rest (Weinstein et al ., 1977). 
However, according to Rolander (1966) andTwomey 
(1981), the posterior ligaments play only a minor role 
in limiting ventroflexion and their main function is to 


maintain the posterolateral wall of the spinal column 
smooth in all postures of the spine. This main 
function of providing a smooth covering for the 
posterior part of the spinal canal appears to be 
correct as the ligamenta flava extend into the sacral 
canal, as shown in Figure 5.11, where there is no 
movement between bony structures. 

The ligamentum flavum not only has the structure 
and function of a ligament, but also acts as a capsule 
on the ventral surface of the lumbar zygapophysial 
joint and as an elastic band keeping the spinal nerves 
free from compression when passing through the 
intervertebral canal during movements in the lumbar 
spine (Hirsch et al., 1963). 

Numerous measurement studies of the ligamentum 
flavum thickness variously report them as 2-10 mm 
thick (Horwitz, 1939; Dockerty and Love, 1940; 
Herzog, 1950; Ramsey, 19 66; Schmorl and Junghanns, 
1971; Crawford, 1978; Reilly etal, 1978; Moir, 1980; 
Giles, 1982; Giles and Taylor, 1984; Parkin and 
Harrison, 1985). The variation would depend, in part, 
on where the measurements were made (Giles and 
Taylor, 1984). According to Horwitz (1939), they are 
thickest at the L4 - 5 and L5 -SI levels and their height 
varies from 1.0 to 2.0 cm (Herzog, 1950). 



Figure 5-10 A histological section cut in the coronal plane as shown by the line on Figure 
1 - 4 . 5 , from a 36-year-old woman. The histological section is slightly oblique as the mamillo- 
accessory ligament is dearly seen enclosing the medial branch of the posterior primary ramus 
(N) on the left of the specimen, whereas on the right side the medial branch of the posterior 
primary ramus (Nl) is seen coursing behind part of the transverse process (T). A = accessory 
process; C = fibrous capsule inferiorly meshing with the ligamentum flavum (LF). The 
ligamenta flava join at the junction of the laminae. CS = fibrous capsule superiorly; H = hyaline 
articular cartilage on the superior articular process of the L4 vertebra forming part of the 
zygapophysial joint; L = lamina of the L4 vertebra; P = pars interarticularis of the L4 vertebra; 
S = synovial fold projecting into the joint from the superior recess. Ehrlich s haematoxylin and 
light green counterstain. (Reproduced with permission from Giles, L.G.F. (1991a) The 
relationship between the medial branch of the lumbar posterior primary ramus and the 
mamillo-accessory ligament. / Manipulative Physiol Ther. , 14, 189-192.) 


Copyrighted Material 




Figure 5-11 A 200 pm thick histological section cut in the 
sagittal plane through the first and second sacral segments 
(SI, S2) from an 82-year-old female. Note how the liga- 
mentum flavum (LF) lines the posterior wall of the sacral 
canal. Small blood vessels (V) supply the ligamentum 
flavum. B = blood vessels of Batson's venous plexus; D = 
dural sleeve showing its abundant vascular supply (tailed 
arrow); L5 = fifth lumbar intervertebral disc with its hyaline 
articular cartilage end-plate (E); N1 = nerve root trunks 
within the dural sleeve; N2 = nerve root trunks at the lower 
end of the cauda equina. Ehrlich's haematoxylin and light 
green counterstain. 


Blood supply of the ligamentum flavum 

The posterior artery of the vertebral canal supplies 
the ligamenta flava and the vertebral arch via their 
anterior surfaces (Rickenbacher et al., 1985). The 
ligamentum flavum is described as having only a few 
irregularly dispersed blood vessels which are said to 
be capillaries and other small, thin-walled blood 
vessels (Ramsey, 1966), and this is confirmed in 
histological studies (Figures 5.11-5.13). 

However, using horizontal section views from the 
lower part of zygapophysial joints (Figure 5.13), 
bilateral vascular channels are found passing into the 


Figure 5-12 A 200 pm thick histological section cut in the 
parasagittal plane through the ligamentum flavum (L) and 
the intervertebral disc (D) at the lumbosacral level. Note the 
small blood vessels (arrows) within the ligamentum flavum. 
There is also a vascular supply to the surface of the 
ligamentum flavum (tailed arrow). N = large neural struc- 
tures within the entrance zone of the intervertebral canal. 
Some blood vessels are seen within the intervertebral disc. 
Ehrlich's haematoxylin and light green counterstain 


ligamentum flavum, a short distance anterior to the 
joints. These bilateral vascular channels are a constant 
finding and seem to confirm Dorr’s (1958) opinion 
that these vascular channels supply the adjacent part 
of the zygapophysial joint. 

Thus the ligamentum flavum is not as poorly 
vascularized as suggested by Herzog (1950). No 
lymphatics were observed in the body of the liga- 
mentum flavum confirming the findings of Dockerty 
and Love (1940) and Ramsey (1966). 


Structure and function of synovial 
folds 

Synovial folds 

Synovial folds consist of a synovial lining layer with a 
subsynovial layer. The earliest appearance of a fold of 
synovial membrane in zygapophysial joints is when 
the articular gap appears at the onset of ossification 
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Figure 5.13 A section cm in ihe horizontal from (he lower region of the lumbosacral zygapophysial joints of a 54-year-old 
male cadaver. B = Batson’s venous plexus; IVD = intervertebral disc; N = spinal ganglion with nerve roots; rectangles show: 
bilateral vascular channels (a) and blood vessels in the ligamentum flavum adjacent to an intra-articular synovial fold (b); L = 
left side of specimen. Ehrlich's haematoxylin stain with light green counterstain. (Reproduced with permission from Giles, 
L.G.F. (1989) Anatomical Basis of Low Back Pain. Williams and Wilkins, Baltimore.) 


of the vertebral arches (in fetuses of 70 mm crown- 
rump length) and a synovial fold is noted at the 
medial side of the joint, developing from a richly 
vascular interarticular mesenchyme (Tondury, 
1972). 

Intra-articular synovial folds, which consist of 
various shapes and sizes, and have numerous small 
blood vessels in fibrous connective tissue and adipose 
tissue, are described in all the zygapophysial joints 
(Schmincke and Santo, 1932; Tondury, 1940, 1972; 
Keller, 1953, 1959; Dorr, 1958, 1962; Hadley, 1961, 
1964; De Marchi, 1963; Penning and Tondury, 1963; 
Kos, 1969; Schmorl and Junghanns, 1971; Tondury, 
1972; Benini, 1979; Putz, 1981; Giles and Taylor, 
1982; Rickenbacher el al., 1985; Giles, 1986a; Agur, 
1991; Moore, 1992). In addition to the synovial folds, 
intra-articular mesenchymatous’ menisci are also 
described, extending ventrally and dorsally into the 
zygapophysial joints from the capsule (Lewin, 1968; 
Schmorl and Junghanns, 1971). 

There is some controversy on the subject and 
nomenclature of synovial folds' (Giles and Taylor, 
1987a, b) and meniscoid' structures (Bogduk and 
Twomey, 1991) in zygapophysial joints. According to 
Lewin et al. (1961), true mesenchymal intra-articular 
menisci are present in the zygapophysial joints, and 
Engel and Bogduk (1980, 1982) refer to semi-lunar 
fibrous structures which remotely resemble menisci. 
However, according to Tondury (1972), there are no 
true menisci in zygapophysial joints, which supports 


the earlier study by Barnett et al. (1961) who found 
true menisci or discs only in the knee, temporo- 
mandibular, sternoclavicular, wrist, and acromiocla- 
vicular joints in humans. 

Some of the confusion arises from variations in the 
histology of synovial folds themselves, which may 
relate to their different functions. Areolar synovium is 
apparently adapted for greater movement, while 
fibrous synovium is generally seen in areas most 
subject to strain (Schumacher, 1975) and may be the 
result of mechanical nipping of areolar synovium. The 
free irregular margins of the synovial folds may be 
quite long and thin (Hadley, 1964) and frequently 
project between the articulating surfaces and are 
often fibrous at their tips (Giles andTaylor, 1982; Jee, 
1983; Kirkaldy-Willis, 1984; Giles, 1989) or even 
‘fibro cartilaginous’ (Tondury, 1972; Kos and Wolf, 
1972). Keller (1959) could not find any cartilaginous 
metaplasia in the intra-articular synovial fold inclu- 
sions of intervertebral joints; however, he agreed that 
they may become fibrous as a result of being nipped 
within the joint. 

Three types of intra-articular structures were iden- 
tified by Engel and Bogduk (1982) when they 
examined human lumbar zygapophysial joints, 
excluding the lumbosacral joints, i.e. adipose tissue 
pads and fibroadipose meniscoids (both located at 
the superior and inferior poles of the joint), and 
connective tissue rims (located posteriorly and ante- 
riorly). 
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Synovial membrane 

The synovial membrane, which lines synovial folds, is 
one of the characteristic features of synovial joints 
(Walmsley, 1972). It is a complex lining tissue 
(Simkin, 1979; Simkin and Nilson, 1981) which is 
necessary to maintain the normal function of the 
synovial joint; it is the conduit for the exchange of 
nutrients and waste between blood and the joint 
tissues, and its cells synthesize and secrete the 
proteins and proteoglycans necessary for normal 
joint lubrication (Hasselbacher, 1981). The synovial 
membrane has three principal functions: (a) secre- 
tion of synovial fluid hyaluronate, (b) phagocytosis 
due to the phagocytic capacity of the'A’ cells involved 
in the clearing of waste materials, and (c) regulation 
of the movement of solutes, electrolytes, and proteins 
(Paget and Bullough, 1980). 

The synovial membrane lines not only the inner 
surface of the fibrous articular capsule but also those 
intracapsular parts of the bone which are not covered 
by articular cartilage, and it extends around fat pads 
which fill joint recesses (Collins, 1949; Barnett el at., 
1961; Dieppe and Calvert, 1983). There is no distinct 
basal membrane between the synovial lining mem- 
brane and the subsynovial tissue (Efskind, 1941; 
Hasselbacher, 1981; Dieppe and Calvert, 1983). 

According to Barnett et al. (1961), the synovial 
membrane of synovial joints overlaps the non-articular 


margins of the cartilage, becomes gradually thinner, 
then terminates without a clear line of demarcation. 
This overlapping part of the synovial membrane 
contains the'circulus articuli vasculosus’, i.e., a fringe 
of looped vascular anastomoses. It is considerably 
more vascular than the fibrous periarticular structures 
supporting the joint, such as the capsule, ligaments, 
and tendons (Liew and Dick, 1981). 

The synovial membrane usually consists of two 
parts: (a) a lining layer bounding the joint space 
referred to as the synovial lining or the synovial 
intima (predominantly cellular with an abundant 
blood supply), and (b) a supportive or backing layer 
which should be called the subintima but is usually 
referred to as the subsynovial layer or subsynovial 
tissue (formed of loose fibrous connective tissue rich 
in blood vessels, lymphatics, and adipose tissue in 
varying proportions) (Davies, 1950; Ghadially and 
Roy, 1969; Paget and Bullough, 1980). 

Synovial lining ( intirnal ) layer 

The surface of the synovial membrane is smooth, 
moist, and glistening, with small villi and fringe-like 
folds (Ghadially and Roy, 1969; Paget and Bullough, 
1980; Giles and Taylor, 1982) (Figure 5.14) which 
increase the surface area of the synovial membrane. 

The cells of the synovial lining layer, which are 
secreting fibroblasts, form an intricate meshwork 



Figure 5.14 Fresh adolescent specimen (15-year-old female; L2-3 zygapophysial joint) showing a fat-filled intra-articular 
synovial fold projecting from the posterior capsule into the joint cavity. The insert shows minute villi on the synovial fold and 
on the synovial lining of the joint cavity. C = joint capsule reflected; SC = synovial cavity’; SF = synovial fold (immersed in 
0.01% methylene blue). (Reproduced with permission from Giles, L.G.F. and Taylor, JR. (1982) Intra-articular synovial 
protrusions in the lower lumbar apophyseal joints. Hull. Hosp.J. Dis Orthcip. Inst . , 42. 248-255.) 
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between the joint cavity and the underlying capillary 
bed (Barland et at, 1962; Rliodin, 1974; Wassilev, 
1981). The synovial cells do not form a continuous 
compact layer like true epithelium (Ghadially and 
Roy, 1969); rather they form a layer which varies in 
depth, or they may be absent, leaving minute gaps in 
the synovial lining layer (Hadler, 1981; Giles, 1989) 
(Figure 5.15). 

The significance of the extensive blood supply of 
the synovial folds will be discussed in relation to low 
back pain later in this chapter \ 

Electron microscopy studies of the synovial lining 
layer which is formed by one to three layers of cells of 



Figure 5-15 This 30 pm thick section shows part of a 
synovial fold from die lumbosacral zygapophysial joint of a 
45-year-old female Note the irregularly spaced synovial 
lining cells (C) in the synovial lining (intimal) layer. BV = 
blood vessels containing blood cells; J = joint cavity; S = 
interlocular fibrous septum in the subsynovial (subintimal) 
layer.There is a rich blood supply and the unilocular fat cells 
indicate that synovia] folds consist of white adipose tissue in 
adults. The rectangles A and B highlight some areas where 
elastic fibres run in various directions in the subsynovial 
tissue within interlocular fibrous septa. (Modified Scho- 
field's silver impregnation and Verhoeff’s haematoxylin 
counterstain.) (Reproduced with permission from Giles, 
L.G.F. (1988) Human lumbar zygapophysial joint inferior 
recess synovial folds: a light microscope examination. Anal. 
Rec., 220, 117-124. Copyright AR L.iss, New York.) 


two types, i.e. A and B cells, have been described in 
detail elsewhere (Schumacher, 1975; Junqueira et at., 
1986 ). 

Subsynovial (subintimal) layer 

The structure of the subsynovial layer varies in 
different parts of the same joint (Ghadially and Roy, 
1969); it can be fibrous, fibroareolar, areolar, or 
areolar- adipose (Castor, I960). It is a loose fibrous 
connective tissue found in the synovial folds and is 
rich in blood vessels, lymphatics, and adipose tissue 
(Shaw and Martin, 1962; Rhodin, 1974), and the 
adipose cells form compact lobules, surrounded by 
vascular fibroelastic septa which impart firmness, 
deformability, and elastic recoil during joint move- 
ment (Williams and Warwick, 1980). Sometimes it 
contains organized laminae of collagen and elastin 
fibres running parallel to the synovial lining surface 
(Davies, 1950). In addition to fibroblasts and lipo- 
cytes, the subsynovial tissue also contains macro- 
phages (Ghadially and Roy, 1969) and mast cells 
(Shaw and Martin, 1962; Ghadially and Roy, 1969). 

Compared with the synovial lining, the richly 
vascular subsynovial tissue has received scant atten- 
tion from electron microscopists apart from the 
studies by Ghadially and Roy (1969), Giles et al. 
(1986), and Giles and Taylor (1987a) which showed 
two common types of subsynovial tissue, i.e. fibrous 
(characterized by innumerable bundles of collagen 
fibres), and fatty (made up of lipocytes interspersed 
with small amounts of fibrous tissue). 

Appearance of synovial folds in histological 
sections 

Cadaveric zygapophysial joints cut in the horizontal 
plane, are shown in Figures 5.16 and 5.17. Figure 
5 16 shows a section from the upper half of each 
lumbosacral joint and Figure 5.17 shows a slightly 
oblique section from the lower end of each lumbosac- 
ral joint including the inferior joint recess. In Figure 
5.17 the right side of the section is lower than the left 
side, as shown by the ala of the sacrum on the right 
side, whereas the intervertebral canal is seen on the 
left side. As previously mentioned, it can be seen how 
the ligamentum flavum forms a thick medial capsule 
at both spinal levels. By contrast, the posterolateral 
part of the joint is closed by a thin lax fibrous capsule. 
The inferior joint recess is enclosed by the liga- 
mentum flavum medially and by fibrous capsular 
material posteriorly. 

In the region of the lumbosacral zygapophysial 
joint inferior recess (Figure 5.17), a large fat-filled 
synovial fold projects forwards (arrow) into the 
medial aspect of each joint. The synovial fold consists 
of white adipose tissue, i.e. a single droplet of lipid 
occupies most of the volume of the cell - these fat 
cells are unilocular, which distinguishes them from 
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Figure 5-16 A 100 pm thick horizontal section from the upper half of the lumbosacral zygapophysial joint of a 54-year-old 
male. B = Batson’s venous plexus; H = hyaline articular cartilage on the sacral superior articular process; L = ligamentum 
flavum; N = spinal ganglion with anterior and posterior nerve roots; NVB = neurovascular bundle; R = right side; S = sacrum. 
Tailed arrow shows a fibrous intra-articular synovial lined fold projecting from the ligamentum flavum into the upper one-third 
of the right zygapophysial joint and arrow shows part of a transforaminal ligament. Ehrlich's haematoxylin stain with light 
green counter stain. (Reproduced with permission from Giles, L.G.E (1987) Lumbosacral zygapophysial joint tropism and its 
effect on hyaline cartilage. Clin. Biomech., 2, 2-6. Copyright John Wright, London.) 



Figure 5.17 A 100 pm thick horizontal section of the lumbosacral zygapophysial joints at the level of the inferior joint recesses, 
from a 54-year-old male (the plane of section is slightly oblique) A = arachnoid membrane; C = cauda equina; D = dura mater; H 
= hyaline articular cartilage; IVD = intervertebral disc; JC = posterolateral fibrous capsule; L = ligamentum flavum; N = spinal 
ganglion; R = right side; S = sacrum; SP = base of trimmed off spinous process. The intra-articular synovial fold is shown by the 
tailed arrow. A neurovascular bundle is shown by the arrow. Ehrlich’s haematoxylin stain with light green counterstain. 
Reproduced with permission from Giles, L.G.F. and Taylor, J.R. (1982) Intra-articular synovial protrusions in the lower lumbar 
apophyseal joints. Bull. Hosp.J. Dis. Orthop. Inst., 42(2), 248-255.) 
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brown adipose tissue, which contains multiple small 
droplets of lipid of varying size and which is, 
therefore, multilocular (Bloom and Fawcett, 1975). 
The synovial folds would be expected to contain 
white adipose tissue since brown adipose tissue 
disappears from most sites in humans after the first 
decade of life (Ross and Reith, 1985). 


Multifidus muscle 

The multifidus muscle covers the posterior joint cap- 
sule and the joint recesses (Lewin ef at. , 1961; Hirsch 
et at., 1963; Lewin, 1964; Bogduk, 1979). A tendon of 
the multifidus muscle is clearly applied to the fibrous 
capsule as it crosses the joint to attach to the mamillary' 
process and to the posterior aspect of the joint capsule 
(Barnett et at., 1961; Cyron and Hutton, 1981; Adams 
and Hutton, 1 983; Taylor and Twomey, 1986). Deep to 
the multifidus muscle there may be some adipose 
tissue which extends into the inferior recess of the 
joints (Hirsch et at., 1963; Giles, 1989). 

The multifidus muscle consists of a number of 
fleshy and tendinous fasciculi which fill the groove 
beside the spines of the vertebrae from the sacrum to 
the axis; they are best developed in the lumbosacral 
region (Williams and Warwick, 1980). Fasciculi are 
attached inferiorly to the back of the fourth sacral 
level, the posterior sacroiliac ligament, and lumbar 
mamillary processes; they pass obliquely upwards 
and medially to an upper attachment to the whole 
length of the spinous process of a vertebra two or 
three segments above; the fasciculi vary in length, 
with the deepest fasciculi connecting contiguous 
vertebrae (Quiring and Warfel, I960; Williams and 
Warwick, 1980). Some fibres merge with the fibrous 
capsule of the zygapophysial joint, thus keeping the 
capsule taut and free from impingement between the 
hyaline articular cartilages (Lewin et at, 1961) under 
normal circumstances. 

The deeper tendinous sheet of the multifidus 
muscle forms the posterior boundary of the extra- 
capsular part of the inferior recess adipose pads. 
According to Lewin et at (1961) and Taylor and 
Twomey (1986), because the multifidus muscle has 
some control over the tension within the fibrous 
capsule, it must affect the potential spaces of the 
intra- and extracapsular recesses and their adipose 
pads as the zygapophysial joint goes through various 
ranges of movement. 

Blood supply of the synovial folds 

My findings support those of Lewin et at (1961) and 
Kos (1969) that the blood supply to the synovial fold 
is by means of arteries which pass through the 
multifidus muscle, i.e. branches of the posterior 
spinal branch, to enter the extracapsular recess. The 



Figure 5-18 Large highly vascular intra-articular synovial 
fold with a small fibrotic tip, within the inferior recess of 
the lumbosacral zygapophysial joint from a 56-year-old 
male. The cartilage on the sacral superior process appears 
to have become moulded adjacent to the fibrotic tip of 
the synovial fold, presumably due to pressure on the 
fibrotic tip B = blood vessels; H = hyaline articular 
cartilage; tASI = intra-articular synovial fold; IVD = inter- 
vertebral disc of the lumbosacral joint; tVF = inter- 
vertebral foramen of the lumbosacral joint; LF = liga- 
mentum flavum; L5 LAP = L5 inferior articular process; SI 
= superior articular process of the sacrum. Ehrlich's 
haematoxylin stain with light green counterstain. (Repro- 
duced with permission from Giles, L.G.F. (1988) Human 
lumbar zygapophysial joint inferior recess synovial folds. A 
light microscope examination. Anal. Rec., 220, 1 17-124. 
Copyright A R Liss, New York.) 



Figure 5.19 A large intra-articular synovial fold showing 
the extensive blood supply of a lumbosacral synovial fold 
from a 54-year-old male Note the fibrotic tip of the 
synovial fold where it has been pinched between the 
hyaline articular cartilage surfaces H = hyaline articular 
cartilage; LF = ligamentum flavum (Ehrlich's haematoxylin 
stain with light green counterstain). (Reproduced with 
permission from Giles, L.G.F. and Taylor, J.R. (1982) 
Intra-articular synovial protrusions in the lower lumbar 
apophyseal joints Bull. Hosp. J. Dis. Orthop. Inst., 42, 
248-255.) 
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blood vessels then supply and ramify within the 
synovial folds. TWo examples to show the possible 
extent of intra-articular synovial folds, with their 
blood supply, extending between the zygapophysial 
joint hyaline articular cartilages are shown in Figures 
5.18 (sagittal plane) and Figure 5.19 (horizontal 
plane). 

Synovial fluid 

The synovial fluid (or synovia) is a viscous, pale 
yellow, clear fluid which consists of a dialysate of 
plasma, to which hyaluronate protein has been added 
as a result of secretion of the synovial lining cells 
(Paget and Bullough, 1980). Nutrients flow through 
the synovial fluid to reach the articular cartilage, the 
source of the synovial fluid and its nutrients being the 
capillary bed surrounding the joint cavity and the 
capillaries occurring in the synovial membrane 
(Knight and Levick, 1983). 

Only a film of synovial fluid separates the moving 
surfaces in joints, and the intra-articular cavity is 
primarily a potential space, containing so little free 
fluid (less than 1 ml in small joints), that none can be 
recovered from small joints by needle aspiration 
(Simkin, 1979; Paget and Bullough, 1980). The 
synovial fluid acts not only as a lubricant but also as 
an adhesive which helps to hold the articular 
cartilages in close apposition (Semlak and Ferguson, 
1970; Simkin, 1979). 


Pathology 


Articular process degenerative changes 

As mentioned in Chapter 4, mechanical stresses 
affecting the articular triad can result in the superior 
and inferior articular processes showing degenerative 
osteophytosis. 

An example of osteophytic changes affecting the 
lateral and medial margins of the articular processes 
is shown in Figure 5.20, where the lateral margin of 
the superior articular process, and the media! margin 
of the inferior articular process, show osteophytic 
changes; osteoarthritic fibrillation changes affecting 
the hyaline articular cartilage on the facets of both 
articular processes is also noted. 

Zygapophysial joint osteoarthritic 
changes 

Zygapophysial joint hyaline articular cartilage chan- 
ges associated with ageing are different from those 
occurring in osteoarthritis (degenerative joint dis- 
ease). Ageing results in thinning but not in the diffuse 



Figure 5-20 A 100 pm thick section cut in the horizontal 
plane through the middle of the right lumbosacral zygapo- 
physial joint of a 54-year-old male. C = cauda equina nerve 
root trunks; D = dural membrane; FC = fibrous capsule; H = 
hyaline articular cartilage; L5LAP = inferior articular process 
of fifth lumbar vertebra; LF = Ugamentum flavum; M = 
muscle; N = neural complex within the intervertebral canal; 
S = sacrum; SAP = superior articular process, T = part of a 
transforamina] ligament; V = blood vessel. Ehrlich's haema- 
toxylin and light green counterstain. 


evidence of degradation and repair which is charac- 
teristic of osteoarthritis (Ferguson, 1975). With 
advancing years, the water content of hyaline articu- 
lar cartilage is reduced, whereas in osteoarthritis, it is 
normal or increased (Dick, 1972). In adults the 
hyaline articular cartilage often develops areas of 
disintegration and erosion (Meachim, 1969), and Ziv 
etal. (1993) found from a study offresh post-mortem 
spines that zygapophysial joint hyaline articular 
cartilage degenerates early in life, leading to back pain 
which is unrelated to the age-related changes occur- 
ring in the adjacent intervertebral disc. 

In some specimens, early osteoarthritic changes, 
such as tinctorial variations (a sta ining variation (Giles, 
1986b) presumed to be due to changes in cartilage 
matrix) may precede early fibrillation and the narrow 
surface layer of acellular tissue may also be seen by 
transmitted light and darkfield microscopy to show 
early fibrillation of its margin (Figures 5.21 A and B). 

In specimens showing advanced osteoarthritic 
changes in zygapophysial joints the acellular layer is 
not present when examined by transmitted light and 
darkfield microscopy (Figure 5.22 A and B). 
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Figure 5-21 (A) A transmitted light photomicrograph showing a section cut in the parasagittal plane through the lumbosacral 
zygapophysial joint of a 62-year-old male. Note that the acellular surface layer of the hyaline articular cartilage (H) on the inferior 
articular process of the fifth lumbar(L5) vertebra and the superior articular process of the sacrum (SI) show early osteoarthritic 
changes and that there arc tinctorial changes in the cellular region of the cartilages. A part of the narrow strip of acellular surface 
layer is shown between the paired parallel lines (II) on each surface. The joint'space' is shown by an arrow. Some artefact spaces, 
where small pieces of bone marrow have been lost during processing, are shown by tailed arrows. Ehrlich’s haematoxylin stain 
with light green counterstain. (B)A darkfield photomicrograph of the specimen shown in Figure 5 21A. Note the dramatically 
enhanced narrow strip of acellular surface layer between the paired parallel lines GO (Reproduced with permission from Giles, 
I..G.F. (1 992a)The surface lamina of the articular cartilage of human zygapophysial joints. Anal. Rec., 233, 350- 356. Copyright 
Wiley-Liss Inc.) 


It should be noted that with darkfield microscopy 
of normal’ to early osteoarthritic joint cartilage 
surfaces (Figures 5.21B) the narrow strip of acellular 
lamina of the cartilage bounding the joint space is 
enhanced. As would be expected, there is no acellular 
lamina in joints with advanced osteoarthrosis (Figure 
5.22B).AIso, areas of tissue adjacent to artefact spaces 
(caused by loss of small parts of tissue during 
processing (for example Figure 5.21 B), do not show 
corresponding areas of enhancement. Therefore, the 
acellular layer does exist in joints not exhibiting 
advanced degenerative changes and it is not an 
artefact (Giles, 1992a). The thickness of the acellular 
layer can vary from 20 to 200 pm along the surface of 
the cartilage, and from one specimen to another, and 
appears to be unrelated to age or sex. 

This study illustrates the existence of an acellular 
layer, or lamina splendens, lining the surface of some 


lower lumbar zygapophysial joint facet cartilages in 
middle-aged human cadavers which exhibit ’normal’ 
joints, or only early osteoarthritic changes for this age 
group. This appears to support the findings of 
MacConaill (1951), Davies et at. (1962), and Weiss et 
al. (1968), who reported a narrow surface lamina on 
articular cartilage. Perhaps an explanation of the fact 
that the narrow lamina is not seen in all ‘normal’ 
joints relates to technical difficulties involved in 
decalcifying and generally processing large blocks of 
osteoligamentous tissues for several months before 
sectioning can commence. Once advanced osteoar- 
throsis is present, the layer of acellular tissue is no 
longer recognizable and, in such specimens, no 
‘white’ line is seen on the osteoarthritic cartilage 
surface by darkfield microscopy, nor is there any 
enhancement of the cut edge of any other joint 
structures. This, and the fact that an acellular layer 
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Figure 5.22 (A) A transmitted light photomicrograph of a 200 pm thick section cut in the parasagittal plane through the 
lumbosacral zygapophysial joint of a 78-year-old male. There is advanced fibrillation and loss of the hyaline articular cartilage 
(H) on the facets of the superior articular process of the sacrum (SAP) and the inferior articular process (LAP) of the fifth 
lumbar vertebra, respectively. The fibrous capsule (C) is seen at the inferior margin of the joint (B) A darkfield 
photomicrograph of the S|3ecimen shown in Figure 5.22A shows no surface lamina. Importantly, there is no evidence of 
significant light artefacts along the cut edges of the residual osteoarthritic cartilages, or any other parts of the joint, which 
could simulate a surface laniina. (Reproduced with permission from Giles, L. G. F (1992a)The surface lamina of the articular 
cartilage of human zygapophysial joints. Anal. Pec., 233, 350-356. Copyright Wiley-I.iss Inc.) 


can be seen on normal light illumination, indicates to the back of the thigh, the mid-calf, or to the ankle 

that the lamina splendens is not an artefact. However, they are considered to have the facet syndrome 

the possible physiological significance of this acel- (Kirkaldy-Willis, 1983; Kirkaldy-Willis and Cassidy, 

lular tissue will not be speculated upon in this text. 1984). Furthermore when alleviation of this pain is 

achieved by injection into the joint of local anaes- 
. , thetic, with or without steroid suspension, under 

Pathoanatomical studies and fluoroscopic control (Mooney and Robertson, 1976; 

clinical significance of lumbosacral Kirkaldy-Willis and Tchang, 1983; Aprill, 1986), this 

zygapophysial (facet) joints — the diagnosis is supported (Destouet et al., 1982; Lewin- 

facet syndrome nik and Warfield, 1986). 

Because not all cases respond to injection within 
Jackson (1992) believes the diagnosis of facet syn- the zygapophysial joint, it is possible that pain could 

drome is not a reliable clinical diagnosis. However, also result from mechanical irritation of soft tissue 

when patients present with local tenderness in the structures outside the joint which are adjacent to 

low back, muscle spasm, and low back pain referred osteophytes on degenerative zygapophysial joints 
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(Giles and Kaveri, 1990; Giles, 1992b). Such degen- 
erative margins of the joint (Altman and Dean, 1989), 
can lead to lumbar spinal stenosis, which may involve 
the intervertebral canal and/or the spinal canal 
(Kirkaldy-Willis and Mclvor, 1976). 

Radiological ly demonstrable osteophytic degen- 
erative changes in the spine do not normally regress, 
whereas symptoms of low back pain with referred 
pain to the leg can vary, with remissions and 
exacerbations, so there is a poor correlation between 
the severity of radiographic changes and back pain 
(Stockwell, 1985) This may be due to the possible 
multifactorial causes of mechanical back pain that 
can affect a given level of the spine. 

The effect of joint dysfunction on associated soft 
tissue structures, with possible venous stasis and 
nerve ischaemia (Giles, 1973, Sunderland, 1980; 
Hoyland el at., 1989; Giles and Kaveri, 1990), and soft 
tissue entrapment (Kos and Wolf, 1972; Giles and 
Taylor, 1987b; Giles, 1991b) has been postulated as a 
potential mechanism for causing back pain of 
mechanical origin which cannot be shown on imag- 
ing procedures which only give a shadow of the 
truth, as previously mentioned. 

The following large cross-sectional area histological 
section viewed by low magnification light micros- 
copy show soft tissue structures associated with 
zygapophysial joints which may be compromised due 


to joint dysfunction but which cannot be seen on 
imaging. The sections provide good detail of the 
relationship between various spinal structures but 
limited information on histopathological changes and 
no direct relationship with pain. 

Apart from some degree of posterolateral inter- 
vertebral disc protrusion (17% at L4-5 and 50% at 
L5-S1) and one minor central posterior bulge at the 
lumbosacral level, several soft tissue structures which 
could theoretically be involved in low back pain of 
mechanical origin were histologically identified as (a) 
the large intra-articular synovial folds of the zygapo- 
physial joints, (b) joint capsule fibrous tissues which 
become attached by adhesions to the adjacent 
hyaline articular cartilage, (c) distorted and trac- 
tioned blood vessels within the intervertebral canal 
foramen, (d) neural structures which become 
attached by adhesions to densely fibrotic intra- 
articular synovial folds, and (e) stenosis of the 
intervertebral canal foramen due to hypertrophy of 
the ligamentum flavum with, or without, adjacent 
posterolateral intervertebral disc herniation. 

A highly vascular intra-articular synovial fold with a 
fibrotic tip projecting between the osteoarthritic 
hyaline articular cartilage surfaces, indicating that this 
tip was probably nipped' during life, is shown within 
the right lumbosacral joint of a 74-year-old male in 
Figure 5.23 



Figure 5-23 A 100 pm thick section cut in the horizontal plane from the lower one-third of the lumbosacral zygapophysial 
joints of a 74-year-old male cadaver The right (R) zygapophysial joint shows a large highly vascular intra-articular synovial fold 
(arrow) with a fibrotic tip, projecting between osteoarthritic hyaline articular cartilage surfaces. The tip is probably fibrotic 
due to nipping' of the synovial fold between the joint surfaces during life. C = fibrous capsule, some fibres of which have 
become attached to the surface of the hyaline articular cartilage (H) on the sacral facet (tailed arrow) between the articulating 
surfaces; D = dural sac containing the cauda equina; IVD = a small midline bulge of the intervertebral disc; L = ligamentum 
flavum with vascular channel; L5 = inferior articular process of the fifth lumbar vertebra; N = nerve roots in the dural sleeve; 
S = sacral ala. (Reproduced with permission from Giles, I..G.F (1991b) A review and description of some possible causes of 
low back pain of mechanical origin in homo sapiens. Proc Aust. Soc. Hum. Biol., 4, 193-212.) 
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Kos and Wolf (1972) described vascular menisci’ in 
zygapophysial joints and claimed that they are well 
innervated, although they did not present any histo- 
logic evidence of innervation. They advance the 
theory that these may become entrapped between 
articular surfaces causing the syndrome of ‘vertebral 
block . The entrapment ofmeniscoid inclusions' may 
mechanically interfere with movement (Lewit, 1968), 
leading to pain and muscle spasm (Giles and Taylor, 
1982). Zukschwerdt etal. (1955), Bourdillon (1973), 
Giles and Taylor (1987a, b), and Giles and Harvey 
(1987) have also implicated synovial fold inclusions in 
some cases of low back pain due to the impingement 
of the articular surfaces on synovial tissue. Kraft and 
Levinthal (1951),Tondury (1972), and Kirkaldy-Willis 
(1984) believe impingement is accompanied by 
oedema, synovitis, and then distension of the cap- 
sule; this causes nerve root irritation (Harmon, 1966). 
According to Bogduk and Jull (1985), meniscus 
entrapment as an explanation for the pathologic basis 
for acute locked back is inconsistent with the clinical 
features of acute back pain, because (a) fibrous 
inclusions ‘do not project into the joint space’, and 
(b) there is the possibility of cleavage’ of the adipose 
type of inclusion when traction is applied to it. 
However, following the histologic examination of 
numerous 2 ygapophysial joint synovial folds in serial 
sections, it is the opinion of this author that by far the 
majority of innervated synovial folds do project into 
inferior and superior joint recesses and remain intact 
and do not undergo cleavage. 

Figure 5.23 also shows adhesions between the 
posterolateral part of the left fibrous capsule and the 
surface of the hyaline articular cartilage on the 
superior articular process of the sacrum. The adhe- 
sions have caused part of the fibrous capsule to be 
drawn between the articular surfaces of the hyaline 
articular cartilage. This could be nipped between 
joint surfaces, causing pain. 

Figure 5. 24 shows how a blood vessel can be 
deformed and tractioned by an osteophytic spur 
projecting into the intervertebral canal (foramen) 
from the superior articular process of the fifth lumbar 
vertebra of a 79-year-old male This figure also shows 
a large densely fibrotic intra-articular synovial lined 
fold, arising from the joints fibrous capsule- 1 iga- 
mentum flavum junction superiorly, and projecting 
between the osteoarthritic hyaline articular cartilage 
surfaces. 

An example of a highly vascular connective tissue 
adhesion between a densely fibrotic intra-articular 
synovial fold, in the superior articular recess of a 
lumbosacral zygapophysial joint, and the adjacent 
neural complex, in an 82-year-old female, is shown in 
Figure 5.25. 

Clearly, it is not possible to correlate these histopa- 
thologicat findings in cadavers with the facet syn- 
drome. However, the vascular synovial folds in the 
zygapophysial joints have been shown to contain 



Figure 5.24 A parasagittal section of the left 1.4-5 inter- 
vertebral canal (foramen) from a 79-year-old male. Note how 
a blood vessel (B) can be deformed and tractioned by an 
osteophytic spur (S) projecting from the superior articular 
process of the L5 vertebra and how the blood vessel 
conforms to the contour of the osteoarthritic joint as it 
passes around the margin of the joint and its capsule. F = 
fibrous joint capsule -ligamentum flavum junction; H = 
hyaline articular cartilage (osteoarthritic); I = fibrous intra- 
articular synovial lined fold arising from the fibrous joint 
capsule -ligamentum flavum junction superiorly; L4 = part 
of the inferior articular process of the L4 vertebra; 1.5 = part 
of the superior articular process of the L5 vertebra; N = 
neural structures within the intervertebral canal foramen. 
(Reproduced with permission from Giles, L.G.F. (1991b) A 
review and description of some possible causes of low back 
pain of mechanical origin in homo sapiens Proc. Aust. Soc. 
Hum. Biol., 4, 193-212.) 


both paravascular and non-paravascular nerve fibres 
of small (nociceptive) diameter (Giles and Taylor, 
1987b; Gronblad et al., 1991a), as well as small 
diameter substance P positive profiles (nerves) (Giles 
and Harvey, 1987; Gronblad et al . , 1991b) Substance 
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Figure 5.25 A parasagittal section of the left lumbosacral 
intervertebral canal foramen from an 82-year-old female 
showing how the neural complex (N) and a dense fibrous 
intra-articular synovial fold (arrow) have become attached to 
each other via a highly vascular connective tissue adhesion 
(tailed arrow). D = intervertebral disc; E = eburnation of the 
inferior aspect of the pedicle (P) of the L5 vertebra; F = 
intervertebral canal (foramen); H = hyaline articular carti- 
lage (arthritic); L = ligamentum flavum on the superior 
articular process of the sacrum (S). (Reproduced with 
permission from Giles, L.G.F. (1991b) A review and descrip- 
tion of some possible causes of low back pain of mechanical 
origin in homo sapiens. Proc. Aust. Soc. Hum. Biol., 4, 
193 - 212 .) 


P is thought to be involved in nociception Qessell and 
Iversen, 1977; Marx, 1979; Cuello el at, 1982; Henry, 
1982; Rossell, 1982; Salte/«/., 1982; Liesi etal., 1983; 
Korkala et at., 1985), so it is possible that, should the 
synovial folds become nipped' and cause traumatic 
synovitis (Kirkaldy-Willis, 1984), this could result in 
low back pain, with or without referred pain to the 
leg, and muscle spasm. As previously mentioned, 
such pain can be alleviated by injecting local anaes- 
thetic, with or without steroid suspension, into the 
joints under fluoroscopic control, supporting this 
etiology (Mooney and Robertson, 1976; Carrera, 
1979; Destouet et at., 1982; Kirkaldy-Willis and 
Tchang, 1983; April], 1986; Lewinnik and Warfield, 
1986) 

When adhesions occur between the fibrous cap- 
sule and the surface of the hyaline articular cartilage, 
it is possible that some spinal movements could result 
in low back pain, as the fibrous joint capsule contains 
small diameter nociceptive (free ending) nerve fibres 
(Ikari, 1954; Pedersen el at . , 1956; Hirschefa/., 1963; 
Hadley, 1964; Reilly et at, 1978) and Substance P 
positive profiles (Giles and Harvey, 1987; El-Body et 


at., 1988). These nociceptors may be activated as a 
result of (i) traction of the fibrous joint capsule 
against the cartilage surface during lumbar flexion or 
some rotational movements, or (it) pinching of parts 
of the fibrous joint capsule between the hyaline 
articular cartilage surfaces, for example during lum- 
bar extension. 

WTiere blood vessels are vulnerable to compression 
and or traction distortion, as shown in Figures 5.19, 
5.24 and 5.25, back pain may well occur due to 
mechanical irritation of the innervated blood vessels, 
or possibly as a result of venous stasis (Giles, 1973; 
Sunderland, 1980; Hoyland et at ., 1989; Giles and 
Kaveri, 1990; Jayson, 1992). Vascular stasis could 
cause ischaemia of the related neural structures with 
accumulation of metabolic waste products (such as 
lactic acid), pain, epineurial, perineurial and intra- 
neural fibrosis, with neural dysfunction, and degener- 
ation as postulated in Figure 5.26. 

Pain of vascular origin is a well known clinical 
phenomenon (Kuntz, 1953), and may be perceived 
centrally via the sinuvertebral nerves which supply 
these vessels with autonomic and somatic sensory 
fibres (Hovelacque, 1925). WTiere adhesions occur 
between zygapophysial joint structures, such as 
fibrotic synovial folds and the associated neural 
complex (Figure 5.25), the neural complex could be 
compromised due to traction of its neural and 
microvascular structures, resulting in pain. Pinching 
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Figure 5.26 An hypothesis for vertebral joint dysfunction 
possibly causing pain and nerve dysfunction. (Reproduced 
with permission from Giles, L.G.F. (1991b) A review and 
description of some possible causes of low back pain of 
mechanical origin in homo sapiens. Proc. Aust. Soc. Hum. 
Biol., 4, 193-212.) 
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between bony surfaces across the highly vascular 
connective tissue adhesion could also result in pain of 
vascular origin. 

If disruption occurs to the periradicular and 
radicular microvasculature due to intervertebral canal 
foramen stenosis caused by encroachment by zygapo- 
physial joint or intervertebral disc structures, this also 
raises the question of whether low back pain of 
mechanical origin could be due to vascular stasis. 

These preliminary descriptive findings suggest how 
some anatomical structures, which are not demonstra- 
ble by various imaging procedures, may contribute to 
zygapophysial joint dysfunction and the facet syn- 
drome. Such dysfunction could conceivably result in 
low back pain of mechanical origin which is often 
relieved by appropriate spinal manipulation (Sandoz, 
1976; Farfan, 1980; Keim and Kirkaldy- Willis, 1987; 
Kirkaldy-Willis, 1988; Meade et at , 1990). 
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Spinal and intervertebral canals 

L.G.F. Giles 


Anatomy 


Spinal canal 

In cross section, the lumbar spinal canal usually 
approximates a triangular outline (Figures 3 13 and 
3.15), but it can become trefoil in shape because 
incurved laminae and/or superior facets may 
encroach upon it (McRae, 1977). According to 
Eisenstein (1980), a trefoil configuration is a common 
non-pathologic condition, usually of the fifth lumbar 
vertebral canal, and is not necessarily dependent on 
or related to increasing age, osteophytosis, or spinal 
stenosis. However, Keim and Kirkaldy-Willis (1987) 
point out that the formation of osteophytes around 
the periphery of the vertebral body of zygapophysial 
joints may narrow the central or lateral neural canals, 
causing stenosis, which may produce pressure or 
tension on adjacent nerves inducing the nerve root 
entrapment syndrome. The spinal canal encloses the 
spinal dural tube and its contents, the conus medul- 
Iaris, cauda equina, and their blood vessels, bathed in 
cerebrospinal fluid (CSF) (McRae, 1977). The extra- 
dural space’ is filled by varying amounts of fat, 
areolar tissue, and blood vessels (McRae, 1977), 
including the valveless extradural veins (Batson, 
1957; Shapiro, 1975). Hasue et al. (1983) also 
described an epidural membrane, interposed 
between the dura and ligamentum flavum, as being 
continuous with an epiradicular sheath around the 
nerve roots and Wiltse et al. (1993) recently reported 
a detailed study which re-investigated the contents of 
the spinal canal, including the fibrovascular mem- 
brane (Fick, 1904) and Hofmann's (1898) ligaments. 

The lumbar spinal canal lateral width increases 
steadily from LI (23.7 ± 0.92 mm) to L5 (27.1 ± 
0.88 mm), with an average transverse diameter of 


25 mm (Dommisse, 1975). The spinal canal antero- 
posterior depth decreases from LI (19.0 ± 0.67 mm) 
to L3 (17.5 ± 0.53 mm) then increases from L3 to L5 
(19.7 ± 0.49 mm) (Panjabi et al., 1992). While the 
cross-sectional area decreases from LI (320 ± 
18.10mm 2 ) to L2 (281 ± 15.38mm 2 ), it is approx- 
imately constant from L2 to L4, then increases at L5 
(330 ± 21.2 mm 2 ) (Panjabi et al., 1992). 

Intervertebral canal 

The intervertebral canal (intervertebral foramen, 
lateral canal, nerve root tunnel, radicular canal, root 
canal, interpedicular canal) is clinically a very impor- 
tant structure, which exits from the spinal canal via 
the lateral recess (Dorwart and Genant, 1983). 
Therefore, it is described in considerable detail in this 
chapter 

Over the years, standard anatomical textbooks 
such as Gray’s Anatomy (Williams and Warwick, 
1980), Cunningham's Textbond of Anatomy 
(Romanes, 1981), A Colour Atlas of Human Anat- 
omy (McMinn and Hutchings, 1977), and Clinically 
Oriented Anatomy (Moore, 1992) have used the term 
‘intervertebral foramina’ to describe both the osseous 
nerve root canals and their medial and lateral 
openings’. However, Dommisse (1975) correctly 
suggests that the term foramen’ should only be used 
to describe the inner and outer boundaries of 
intervertebral canals. The term intervertebral canal’ is 
used in this text since it appears to be a more 
accurate description of the structure which can be 
quite long, particularly at the lumbosacral level. 

The first detailed histological study of the human 
intervertebral canal was reported by Swanberg 
(1915a, b) and various subsequent studies have been 
documented by several authors (Oppenheimer, 1937; 
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Larmon, 1944; Magnuson, 1944; Crelin, 1973; Dor 
wart and Genant, 1983; Yeager, 1986; Rauschning, 
1987; Twomey and Taylor, 1988; Peretti et al. , 1989; 
Giles and Kaveri, 1990; Giles, 1992; Jayson, 1992). 
Within the intervertebral canal are found important 
neural structures originating from the spinal cord as 
small anterior and posterior rootlets which converge 
caudally to form a common nerve root trunk , the 
posterior root of which has a spinal ganglion, beyond 
which the anterior and posterior roots mix and form 
a spinal nerve (Figure 6.1). 

The relatively large spinal nerve roots and ganglion 
pass obliquely through each of these lumbar osteoliga- 
mentous intervertebral canals (Figures 6.1 and 6.2), 
which have a medial and lateral foramen (Dommisse, 
1975), as does the relatively small neural structure, the 
recurrent meningeal nerve (Von Luschka, 1850) 



Figure 6.1 Diagram showing the human lumbar spinal 
canal, the medial (M) and lateral (L) borders of the 
intervertebral canal, and the remains of the pedicles on the 
right side (P) from which the vertebral arches have been 
removed. Anterior and posterior rootlets (R) leave the spinal 
cord then converge to form anterior and posterior nerve 
root trunks (NRT), the posterior root of which has a spinal 
ganglion (G), beyond which the anterior and posterior roots 
join to form a spinal nerve (SN). D = dura with arachnoid 
lining; F = facet (partly resected) of superior articular 
process; IP = interpedicular zone of the intervertebral canal; 
RS = root sleeve; S = sacrum. (Reproduced with permission 
from Giles, L.G.F. (1994) A histological investigation of 
human lower lumbar intervertebral canal (foramen) dimen- 
sions. J. Manipulative Physiol. Ther., 17, 4-14. 



Figure 6.2 Diagram showing an enlargement of the inter- 
pedicular zone of a lumbar intervertebral canal, referred to 
in Figure 6.1, with its adjacent relatively large neural 
structures, the anterior root (AR), the posterior root (PR) 
with its spinal ganglion, and the spinal nerve (SN). The 
nerve roots and the spinal ganglion are bathed within the 
cerebrospinal fluid as far as the intervertebral foramen. The 
dura mater (D) and arachnoid mater (A) of the dural sac 
extend as the dural sleeve as far as the spinal nerve The dura 
mater blends with the epineurium of the spinal nerve. The 
subdural space is a potential space containing a film of 
serous fluid whereas the subarachnoid space is well defined 
and contains the cerebrospinal fluid. Note the proximity of 
the dural sleeve and some neural structures to the cephalad 
pedicle. (Modified and reproduced with permission from 
Giles, L.G.F. (1994) A histologicigal investigation of human 
lower lumbar intervertebral canal (foramen) dimensions. J 
Manipulative Physiol Tljer. 17, 4-14 


which is present at all vertebral levels (Kimmel, 
196la,b) and contains autonomic and somatic sensory 
fibres (Allbrook, 1974). 

The oblique course of the intervertebral canals is 
approximately 18.5 mm long at the L4-5 level and 
22.7mm long at the lumbosacral (L5-S1) level in 
males and females of 60 years and over (Twomey and 
Taylor, 1988), although the pedicle width in the 
horizontal plane ranges from 8.7 to 12.0 mm at L4, 
and from 8.4 to 14.7mm at L5 (Berry et al., 1987; 
Scoles et al., 1988). For clinical purposes, the 
intervertebral canal is considered to have three zones 
(Lee et al., 1988), each with its own characteristic 
shape and contents (Figure 6.3) 

The intervertebral canal starts in the spinal canal at 
the point where the nerve root sheath comes off the 
dural sac and ends where the spinal nerve emerges 
from the intervertebral canal laterally (Kirkaldy-Willis 
and Mclvor, 1976), i.e. at the area surrounding the 
intervertebral foramen proper (Rauschning, 1987). 
Therefore the spinal nerve does not pass through the 
length of the intervertebral canal 
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Figure 6.3 The three zones of the intervertebral canal of 
the lumbar spine are shown by the brackets. (Reproduced 
with permission from Giles, L.G.E (1992) Ligaments travers- 
ing the intervertebral canals of the human lower lumbosac- 
ral spine. Neuro-Orthopedics , 13, 25-38.) 


The intervertebral canal’s clinically important three 
zones are: the entrance zone (lateral recess area), the 
mid-zone (sublamina blind zone) and the exit zone 
(near the intervertebral ‘foramen’ (Lee, 1988; Lee et 
al., 1988)) (Figure 6.3) 

Large diameter neural structures, such as the 
dorsal root ganglion and the nerve root, contained 
in the intervertebral canal zones are (1) the lumbar 
nerve root, covered by dura mater and bathed in 
CSF in the entrance zone , (2) the dorsal root 
ganglion and ventral motor nerve root (funiculus) 
covered by a fibrous connective tissue extension of 
the dura mater, bathed in CSF, in the mid-zone , and 
(3) the lumbar peripheral (spinal) nerve, which is 
covered by perineurium, in the exit zone (Lee et al., 
1988). The relatively small diameter neural structure 
contained in the intervertebral canal, the sinuverte- 
bral nerve, arises from the anterior primary ramus 
and the gray ramus communicans (von Luschka, 
1850; Bogduk, 1980), re-enters the intervertebral 
canal (von Luschka, 1850; Flovelacque, 1925) before 
dividing into terminal branches which supply the 
walls of extradural veins (Hovelacque, 1925), the 
posterior longitudinal ligament (Spurling and Brad- 
ford, 1939), bone on the posterior aspects of 
vertebral bodies, the adjacent outer layer of the 
anulus fibrosus (Hovelacque, 1925) and the flaval 
Ligaments (Roofe, 1970; Wyke, 1970). The sinuverte- 
bral nerve is discussed in greater detail in Chapter 
14. 

According to Peretti et al. (1989), the spinal nerve 
root and ganglion lie immediately below the pedicle 
of the subjacent vertebra, although Williams and 
Warwick (1980), Haughton and Williams (1982), 
Rydevik et al. (1984) and Van der Linden (1984) 
describe the spinal ganglion as lying within the 
central or lateral portion of the intervertebral canal, 
and Hasue et al. (1989) classify the L5 and SI spinal 
ganglia as being (a) intraspinal, in which more than 


half the ganglion lies in the spinal canal, (b) intra- 
foraminal, or (c) extraforaminal, in which most of 
the ganglion lies outside the intervertebral canal. 

The spinal nerve roots do not have the same 
amounts of protective connective tissue sheaths as 
the more peripheral nerves (Rydevik, 1992), which 
has led to the suggestion that the spinal nerve roots 
are more susceptible to mechanical deformation from 
spinal degenerative disorders than are peripheral 
nerves (Rydevik et al., 1984). According to Crelin 
(1982), the ‘spacious lumbar intervertebral foramen’ 
contains a combination of delicate, loose areolar and 
fatty tissue which fills the space between the bony 
margins and the dural sheath. Also passing through 
the intervertebral canal are small blood vessels, 
nerves (Crelin, 1982) and lymphatics (Rauschning, 
1987). 

The average superior-to-inferior diameter of the 
interpedicular zone of the intervertebral canals is 
19mm (L4-L5 level), and 12mm (L5-S1 level), 
respectively, while its average anteroposterior diam- 
eter is 7 mm (Magnuson, 1944) from the vertebral 
body to the ligamentum flavum at both the L4-L5 
and L5-S1 levels. The average anteroposterior diam- 
eter of the ganglion at both levels is also 7 mm 
(Magnuson, 1944), or only a fraction of a millimeter 
less (Larmon, 19 44). Postural changes result in 
variation of the size of this opening (Breig, I960) 
which, according to Epstein (I960), is estimated to 
be normally five to six times as large as the transverse 
area of the nerve passing through it in the lumbar 
region, allowing for a generous reserve cushion 
(Dommisse, 1974; Sunderland, 1975) The cross- 
sectional area of the intervertebral canal increases 
from L1-L2 to L4-L5 but at L5-S1 it is smaller than 
the rest, even though the L5 spinal nerve is the largest 
lumbar nerve (Hasue et al., 1983) and is approx- 
imately equal in size to the first sacral nerve 
(Swanberg, 1915a) 

Crelin (1973) removed the areolar tissue sur- 
rounding the spinal nerves emerging from the 
lateral borders of the intervertebral canals in order 
to expose these lateral borders of the canal, then 
used gross mechanical stress studies (extreme flex- 
ion, extension and lateral bending) on three infant 
and three adult (35-76 year) human spines to 
examine and measure this artificially induced spatial 
relationship between spinal nerves and the adjacent 
lateral borders of the intervertebral canals; the 
method of measurement was not described. It is 
misleading to draw conclusions about the possible 
effect on more remote neural function when only 
the relationship between spinal nerves and the size 
of their intervertebral canal's lateral border dimen- 
sion is examined, while completely ignoring the far 
more anatomically and clinically important inter- 
pedicular zone of the intervertebral canal relation- 
ship with its related neural structures. Therefore, a 
histological study was specifically undertaken by 
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Giles (1994) to measure accurately the cross-sec- 
tional area of the important interpedicular zone of 
intervertebral canals, i.e. between their medial and 
lateral borders (Dommisse, 1975), and their related 
large neural structures at the L4-L5 and L5-S1 
levels in nine lumbosacral spines using blocks of 


osteoligamentous tissue (Figures 6.4 and 6.5) for 
histological processing. 

The mounted histological sections (Figure 6.5) 
were used to locate the medial and lateral openings of 
the intervertebral canal and for histological and 
measurement studies (Giles, 1994). 



Figure 6.4 These osteoligamentous blocks of tissue show 
the paired left (L) and right (R) anatomical regions retained 
for histological processing. (Reproduced with permission 
from Giles, L.G.F (1992) A histological investigation of 
human lower lumbar intervertebral canal (foramen) dimen- 
sions.) (Reproduced with permission from Giles, L.G.F. 
(1992) Ligaments traversing the intervertebral canals of the 
human lower lumbosacral spine. Neuro-Orthopedics, 13, 
25-38.) 



Figure 6.5 A 200 pm thick histological section cut in the 
parasagittal plane which shows parts of the fourth lumbar 
(L4) to first sacral (SI) spinal segments of a 59-year-old 
female. Tire large neural structures, i.e the nerve roots and 
ganglion (N), which float in the cerebrospinal fluid, are 
shown within the 1.4 -1,5 and 1.5 -SI intervertebral canals 
and within the sacral canal. Posterolateral intervertebral disc 
herniations (arrows) with thinning of the L4 and L5 
intervertebral discs is demonstrated; this has resulted in 
approximation of the vertebral bodies and imbrication 
(subluxation) of the opposing facets with their hyaline 
articular cartilages (H). The zygapophysial joint imbrication 
appears to have caused some tractioning of the L4-L5 joint 
capsule (C) inferiorly and buckling’ of the ligamentum 
flavum at the L5-S1 level. This buckling', together with 
early osteophytosis of the superior articular process (S) of 
the sacrum, has caused deformation and unilateral compres- 
sion of the adjacent neural structure. 1AP = inferior articular 
process of L5 vertebra; L = ligamentum flavum; M = 
multifidus muscle tendon; P = pedicle of L5 vertebra, 
Ehrlich's haematox 7 lin and light green counterstain. (Mod- 
ified and reproduced with permission from Giles, L.G.F. 
(1994) A histological investigation of human lower lumbar 
intervertebral canal (foramen) dimensions. J. Manipulative 
Physiol. Tber, 17, 4-14 


Copyrighted Material 




Spinal and intervertebral canals 101 


Visual comparison of the L4-L5 and L5-S1 inter- 
vertebral discs to estimate any degree of inter- 
vertebral disc thinning showed that there was only 
thinning of 75% at one L4-L5 and two L5-S1 
intervertebral discs out of the nine spines examined. 
From the nine spines bisected in the median plane, 
18 L4-L5 and 18 L5-S1 left and right intervertebral 
canals were examined in the parasagittal plane 
providing information on a total of 36 intervertebral 
canal interpedicular zones. 

Neural and vascular structures were found to be 
deformed within some intervertebral canals and an 
example of a deformed neural structure at the 
lumbosacral level is shown in Figure 6.5. Due to 
posterolateral herniation and thinning of the L4-L5 
and lumbosacral intervertebral discs in this 59-year- 
old female, there is a subluxation of the L4-L5 and 
L5-S1 facet surfaces. At L5-S1 this has caused 
buckling of the ligamentum flavum, resulting in an 
indentation of the adjacent large neural structure. 

The measurement study (Giles, 1 994) was clinically 
important as it showed: 

(i) the mean cross-sectional area ratio of the 
interpedicular zone of the intervertebral canal to 
large neural structures, for the L4-L5 level (left 
and right sides combined) ranges from 22.9 (SD 

6.7) to 30.8 (SD 4.4)%, and for the L5-S1 level 
from 24.9 (SD 5.3) to 3 1.1 (SD 5.3)%, i.e. the 
intervertebral canal is 3 3 (SD 0.5) to 4.8 (SD 1.7) 
times larger than that of the large neural struc- 
tures at the L4-L5 level, and 3 3 (SD 0.6)-4.2 
(SD 0.8) at the L5-S1 level. 

(ii) The mean height of the inteqsedicular zone of 
the intervertebral canal ranges from 15.3 (SD 

1.8) to 21.7 (SD 2.5) mm at L4-L5, and from 12.2 
(SD 1.5) to 20.1 (SD 2.9) mm at L5-S1. 

(iii) The mean ividth of the interpedicular zone of 
the intervertebral canal from the ligamentum 
flavum to the vertebral body ranges from 8.0 (SD 
1.1) to 12.3 (SD 1 .8) mm at L4-L5, and from 8.6 
(SD 1.2) to 13.6 (SD 2.4) mm at L5-S1. 

(iv) The mean minimum distance between the large 
neural structure(s) and the boundary of the 
interpedicular zone ranges from 0.4 (SD 0.4) to 
0.8 (SD 0.9)mm at the L4-L5 level, and from 0.4 
(SD 0.4) to 0.6 (SD 0.3) mm at the L5-S1 level, 
and 

(v) The average length of the interpedicular zone of 
the intervertebral canal, based on the number of 
200 pm thick histological sections spanning the 
zone of the canals examined, ranges from 8.2 to 
10.2mm at L4-L5, and from 8.2 to 12.2mm at 
L5-S1 . 

It is unfortunate that in Crelin's (1973) study of 
three infant and three adult cadavers, which were not 
radiographed, he did not refer to the earlier and not 
insignificant adult postmortem studies by Larmon 


(1944) and Magnuson (1944), and to Swanberg's 
(1915a, b) histological examination of a 5-month-old 
infant’s right seventh thoracic intervertebral canal. 
Larmon’s (1944) study of ten unselected human 
lumbosacral spines, obtained at autopsy, found that 
‘1: comparing the average size of the fourth and 
fifth lumbar nerves (which measured a fraction of a 
millimetre less than 7 mm) to the average ante- 
roposterior diameter of the foramina, which meas- 
ured 7 mm, one is impressed by the intimate rela- 
tionship of the nerve to the foramen, and 2: 
moderate swelling of the capsular ligamentum 
flavum can cause compression of the nerve in the 
foramen’. Magnuson (1944) confirmed that 'any 
swelling or inflammation around the foramen could 
narrow the canal sufficiently to cause pressure upon 
the nerve root’. As Swanberg (1915a) noted, the size 
of the intervertebral canal as compared to the 
nerves is dependent upon the part of the nerves 
within the intervertebral canal. Nonetheless, Crelin 
(1973) concluded from his biomechanical studies 
that (a) there was ‘never less than 4 mm of space 
surrounding the lumbar nerves’ in adults, (b) ’under 
all conditions, a relatively large amount of space 
surrounded the nerves in the foramina’, and (c) 'any 
reduction in the size of the intervertebral foramina 
during the application of torsional force was insig- 
nificant in relation to the spinal nerves passing 
through the foramina'. However, Crelin’s (1973) 
conclusions were based only on his examination of 
the relatively insignificant lateral border of the 
exposed (dissected) intervertebral canals and their 
emerging spinal nerves. 

The histological study by Giles (1994) demonstrates 
that, between the medial and lateral borders of the 
interpedicular zone of the intervertebral canal, its 
horizontal length ranges from 8.2 to 10.2 mm at L4-L5 
and from 8.2 to 12.2mm at L5-S1, which is in 
agreement with the findings of Berry et al. (1987) and 
Scoles et al. (1988) for pedicle width, although pedicle 
width can be greater at both the fourth and fifth 
lumbar levels according to Krag et al. (1986, 1988), 
Zindrick et al. (1987) and Panjabi et al. (1992) with a 
maximum width of 14.1 mm at L4 and 18.6 mm at L5 
(Panjabi et al 1, 1992). The ratio of the mean cross- 
sectional area of the large neural structure(s) to that of 
the interpedicular zone of the intervertebral canal 
ranges from 22.9 to 30.8% at the L4-L5 level, and 
24.9-31.1% at the L5-S1 level. This can also be 
expressed in terms of the cross-sectional area of the 
interpedicular zone of the intervertebral canal being 
approximately only 3. 3-4. 8 times larger than the large 
neural structures at the L4-L5 level and 3-3-4. 2 times 
larger than the large neural structures at the L5-S1 
level, which results in a less generous reserve cushion 
than that suggested by Epstein (I960), Crelin (1973), 
Dommisse (1975) and Sunderland (1974). 

The original histological technique used by Giles 
and Taylor (1983) to study large blocks of spinal 
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osteoligamentous tissues showed that there was an 
overall shrinkage factor of 8.6% between osseous 
structures seen on X-ray images of the unprocessed 
blocks and these same osseous structures as seen on 
mounted histological sections. Shrinkage for indi- 
vidual soft tissue structures was not determined, but 
it would be reasonable to expect it to be at least as 
much as for osseous structures. Bearing this in 
mind, the figures shown in the present study would 
most likely represent the minimum space occupied 
by the soft tissue structures within the mainly 
osseous interpedicular zone of the intervertebral 
canal. 


Clinical implications 

At the L4-L5 spinal level, the minimum distance 
between the neural structures and the boundary of 
the interpedicular zone of the intervertebral canal 
ranges from 0.4 (SD 0.4 ) to 0.8 (SD 0.9) mm. At the 
L5-S1 level, this distance ranges from 0.4 (SD 0.4) to 
0.6 (SD 0.3) mm. In view of this, Crelin’s (1973) 
finding that there was never less than 4 mm of space 
surrounding the lumbar nerves’ in adults at the 
lateral border of the foramen of the intervertebral 
canal, which lead to his statement that under all 
conditions, a relatively large amount of space sur- 
rounds the nerves in the foramina', is meaningless as 
a basis for considering the possible physiological and 
or pathophysiological functions of spinal nerves 
beyond the intervertebral canal as he did not examine 
the important interpedicular zone. Furthermore, 
documented evidence by Peretti et al. (1989), 
describing lumbar and the first sacral roots as lying 
immediately below the subjacent pedicle, raises 
serious concerns about the conclusions of Crelin’s 
(1973) study. 

When the interpedicular zone space is further 
diminished by (i) intervertebral disc herniation, with 
or without accompanying osteophytosis of the adja- 
cent vertebral body or of the adjacent part of the 
zygapophysial joint facet (Isherwood and Antoun, 
1980; Giles and Kaveri 1990), (ii) transforaminal 
ligaments (Chapter 7), or (iii) ‘buckling’ or hyper- 
trophy of the ligamentum flavum (Rothman and 
Simeone, 1975), it is quite conceivable that direct 
pressure upon neural structures will occur within the 
interpedicular zone of the intervertebral canal. Such 
deformation and unilateral compression of neural 
structures has been demonstrated in this chapter 
(Figure 6.5) and in other publications (Giles and 
Kaveri, 1990). The foregoing clearly shows that it is 
wrong to draw conclusions on spinal nerves passing 
through the foramina’ when the nerve roots and the 
spinal ganglion within the important interpedicular 
zone of the intervertebral canal, upon whose normal 
function the spinal nerves depend for their normal 
physiological function, are not studied. 


As the findings of Larmon (1944), Magnuson 
(1944) and Giles (1994) indicate that nerve roots 
and the spinal ganglion do not necessarily have a 
generous protective reserve cushion within the 
important interpedicular zone of the intervertebral 
canal, their respective nerve roots and spinal ganglia 
may well be subjected to mechanical deformation 
and compression. This could induce a sequence of 
events including impairment of nerve root blood 
flow and oxygen supply, and increased microvas- 
cular permeability. This could lead to intraneural 
oedema formation with blockage of axonal trans- 
port, which may lead to long-term alterations in 
nerve function (Rydevik et al., 1990; Rydevik, 
1992). Mechanical deformation and compression of 
the dural sleeve and its contents may also lead to 
interference with the normal movement of CSF 
around the nerve roots and the spinal ganglion. 
Furthermore, compressive irritation of the noci- 
ceptive receptor system embedded in the dural 
sleeves surrounding the lower spinal nerve roots 
may arise, especially should there be intervertebral 
disc and/or osteophytic projection into the inter- 
vertebral canals (Wyke, 1982). 

It seems perfectly reasonable to discount as irrele- 
vant the conclusion made in Crelin’s (1973) paper 
that the exertion of pressure on a spinal nerve does 
not occur’ as he only dissected then examined spinal 
nerves emerging from the lateral foramen of the 
intervertebral canal and he did not examine the 
important structures within the interpedicular zone 
of the intervertebral canal which unite to form the 
spinal nerve which, after all, does not function in 
isolation. 

It is obvious from Giles’ (1994) histological inves- 
tigation of neural structures within the important 
interpedicular zone of the intervertebral canal that 
neural and associated vascular structures may well 
be compromised due to vertebral joint subluxation. 
This may result in chronic compression, of yet 
undetermined magnitude, upon neural and vascular 
structures within the confines of the anatomically 
and clinically important interpedicular zone of the 
intervertebral canal. The clinical significance of such 
compression is yet to be determined. However, 
nerve fibres in spinal nerve roots, as well as in 
peripheral nerves, are dependent upon a continuous 
supply of oxygen and other nutrients in order to 
maintain proper function; interference with the 
nutritional supply to nervous tissue from chronic 
compression lesions such as spinal stenosis can lead 
to deterioration of nerve function (Rydevik et al, 
1990) (see Chapter 16). 

Because of the clinical importance of the struc- 
tures passing through the three zones of the inter- 
vertebral canal, further details of the clinical anat- 
omy of this canal follow, with some emphasis on the 
possible effects of stenosis upon the neurovascular 
structures. 
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Pathology 


Stenosis 

Spinal stenosis may result from developmental or 
acquired lesions or a combination of both; it may be 
symmetrical or asymmetrical, central or lateral, and 
may be due to soft tissue changes, such as inter- 
vertebral disc herniation, fibrous scar, ligamentum 
flavum hypertrophy (see Figure 13 11) tumour, or 
bony changes (Bullough and Boachie-Adjei, 1988). 
According to Dorwart et al. (1983), stenosing lesions 
of the spine can have three anatomic sites, i.e. central 
canal, subarticular canal and the intervertebral canal. 

Patients with lumbar central canal stenosis (see 
Figure 4.1) may present with a variety of clinical 
symptoms including back pain, radiculopathy, and 
neurogenic claudication (fferzog et al., 1991). 

Much attention has been paid to the causes of 
vertebral canal stenosis in humans but relatively little 
has been documented with regard to intervertebral 
canal stenosis. This is an important clinical issue 
because, as the dural sleeve ends at the outer opening 
of the intervertebral canal, a false 'normal' myelogram 
is possible when a space occupying lesion occurs 
beyond the subarachnoid space. Also, if stenosis 
affects only vascular structures, compression of these 
structures cannot be noted during myelography, so 
venous stasis may be overlooked. 

It is well known that degenerative changes in the 
intervertebral discs are always accompanied by osteo- 
phyte formation on the margins of the vertebral 
bodies and remodelling changes in the zygapophysial 
joints (Vernon-Roberts and Price, 1977; Kirkaldy- 
Willis et al, 1984), and there is usually a direct 
relationship between the degree of disc degenera- 
tion, vertebral body marginal osteophyte formation, 
and zygapophysial joint changes (Vernon-Roberts and 
Price, 1977). These degenerative changes can lead to 
lumbar spinal stenosis, which may involve the spinal 
canal and/or the intervertebral canal (Kirkaldy-Willis 
and Mclvor, 1976). In this chapter, emphasis is placed 
on intervertebral canal stenosis. 


Intervertebral canal zones 

The most common causes of stenosis in the three 
zones are (a) in the entrance zone , hypertrophic 
osteoarthritis of the zygapophysial joint (particularly 
of the superior articular process), while other causes 
are developmental variations of the zygapophysial 
joints, and the pedicle (if short), or an osteophytic 
ridge or bulging anulus anterior to the nerve root, (b) 
in the mid-zone, osteophyte formation under the pars 
interarticularis where the ligamentum flavum is 
attached, and fibrocartilaginous or bursal tissue 
hypertrophy at a spondylolytic defect, and (c) in the 


exit zone , hypertrophic osteoarthritic changes of the 
zygapophysial joints, with facet subluxation (imbrica- 
tion, telescoping), and osteophytic ridge formation 
along the superior margin of the disc (Lee et al., 1 988). 
The osteoarthritic changes of zygapophysial joints are 
characterized by defects or abnormalities of articular 
cartilage with related changes in the subchondral 
bone, bony margins of the joint, surrounding capsule, 
synovium, and para-articular structures (Altman and 
Dean, 1989), and the L4-L5 and L5-S1 spinal levels 
are most frequently involved in zygapophysial joint 
and intervertebral disc degenerative changes (McRae, 
1977; Bullough and Boachie-Adjei, 1988). 

Herniated intervertebral discs or osteophytes 
which cause nerve root compression have long been 
implicated in low back pain and sciatica (Mixter and 
Barr, 1934; Coventry et al., 1945; Bullough and 
Boachie-Adjei, 1988), although there is a poor correla- 
tion between the severity of radiographic changes 
and back pain (Stockwell, 1985). Furthermore, osteo- 
phytic degenerative changes do not regress, whereas 
symptoms of low back pain and sciatica can vary, 
with remissions and exacerbations. 

Therefore, a cadaveric study was undertaken to 
investigate some causes of intervertebral canal sten- 
osis due to encroachment by bony and soft tissue 
structures, with the following findings. 

Some degree of osteophytosis involving the inter- 
vertebral joints of all the cadavers was found on 
various radiographic views Histological investigation 
of these lumbosacral spines showed that six out of 12 
(50%) lumbosacral intervertebral joints showed uni- 
lateral posterolateral contained (i.e. non-seques- 
trated) intervertebral disc herniation, varying from 
minor (i.e. with no pressure on neural or vascular 
structures) to large (i.e causing deformation of 
neural and vascular structures due to the herniation 
projecting up to 5 mm into the intervertebral canal). 



Figure 6.6 A lateral radiographic view of the L5-S1 inter- 
vertebral canal in a 71-year-old female. Note the relatively 
norma] thickness of the intervertebral disc, and the large 
osteophyte (arrow) causing intervertebral canal stenosis 
(Reproduced with permission from Giles, L.G.F. and Kaveri, 
M.J.P (1990) Some osseous and soft tissue causes of human 
Intervertebral canal (foramen) stenosis / Rheumatol., 17, 
1474-1481.) 
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In this study, contained herniation refers to nuclear 
material which has not escaped from the confines of 
the anular fibres. In each case, the herniation was 
found to be at the posterolateral region of the disc and 
no midline posterior herniatjons were found. Two out 
of 12 (17%) minor contained unilateral posterolateral 
intervertebral disc herniations were found at the 
L4-L5 level. Various shapes and sizes of osteophytes 
involved 24 of the 48 zygapophysial joints examined 
histologically and some of the osteophytes were large 
enough to be recorded radiographically as causing 
considerable stenosis of the intervertebral canal. An 
example of a large osteophyte projecting from the 
superior articular process of the sacrum into the 
adjacent intervertebral canal in a 71 -year-old female is 
shown in Figure 6.6. A further radiographic example is 
shown for an 83-year-old female (Figure 6.7) with 
associated histopathological findings (Figure 6.8). 

In Figure 6.7, there is approximately 40% thinning 
of the lumbosacral intervertebral disc with inter- 
vertebral canal stenosis caused by subluxation of the 
zygapophysial joint facet surfaces and osteophytosis 
(arrow) at the superior margin of the sacral articular 
facets. On the anteroposterior radiograph of this 


specimen, some vertebral body posterolateral osteo- 
phytosis was noted on the left side, and this was 
found to be associated with a minor contained 
intervertebral disc herniation upon histological inves- 
tigation, as demonstrated in Figure 6.8 which is a 
parasagittal histological section through the left 
lumbosacral zygapophysial joint showing an osteo- 
phyte at the superior margin of the sacral facet. Note 
how this osteophyte, together with the minor con- 
tained intervertebral disc herniation and its adjacent 
osteophyte, have a pincer’ effect across the centre of 
the intervertebral canal, resulting in stenosis of the 
anteroposterior diameter of this part of the canal and 
disruption of the dorsal root ganglion and the spinal 
nerves with their associated blood vessels. 

The L5-S1 zygapophysial joint shows advanced 
osteoarthritic changes, with fibrillation and loss of 
hyaline articular cartilage on the superior articular 
process of the sacrum, with almost complete loss of 
the cartilage on the inferior articular process of the 
fifth lumbar vertebra. Sclerosis is evident in both 
subchondral surfaces of the facets. 

When a posterolateral intervertebral disc hernia- 
tion occurs, varying degrees of intervertebral canal 



Figure 6.7 I.ateral radiographic view of the lower lumbo- 
sacral spine of an 83-year-old female. Approximately 40% 
thinning of the lumbosacral intervertebral disc is noted with 
anterior osteophytosis, and stenosis of the intervertebral 
canal due to subluxation of the 1.5 -SI zygapophysial joint 
facet surfaces and osteophytic enlargement of the sacral 
articular facets (arrow). (Reproduced with permission from 
Giles, L.G.F. and Kaveri, M.J.P. (1990) Some osseous and soft 
tissue causes of human intervertebral canal (foramen) 
stenosis. J. Rheumatol. , 17, 1474-1481.) 



Figure 6.8 A parasagittal section (cut at a thickness of 100 
pm) through the left lumbosacral intervertebral canal of an 
83-year-old female, at the posterolateral region of the 
intervertebral disc, and the zygapophysial joint, of the 
specimen in Figure 6.7. D = a minor, 3 mm long, contained 
posterolateral herniation of the intervertebral disc with 
adjacent osteophytic spur (S) which, in conjunction with 
the large 5 mm long osteophytic spur (arrows) at the 
superior margin of the superior articular process, cause 
stenosis of the intervertebral canal and deformation of the 
motor and sensory nerves with their associated blood 
vessels. H = osteoarthritic hyaline articular cartilage on the 
superior articular process of the first sacral segment (SI); L5 
= inferior articular process of L5; I. = ligamentum flavum; P 
= pedicle of L5 vertebra. Ehrlich's haematoxylin and light 
green counterstain. (Reproduced with permission from 
Giles, L.G.F. and Kaveri, M.J.P (1990) Some osseous and soft 
tissue causes of human intervertebral canal (foramen) 
stenosis .J. Rheumatol.. 17, 1474-1481.) 
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Figure 6.9 Radiograph showing the left and right sides of a 
sagittal ly bisected lower lumbosacral spine of a 45-year-old 
male. Note the osteophytic spur ar the posterolateral 
inferior margin of the 1.4 vertebral body and the calcification 
inside the margin of the intervertebral disc space. 


Figure 6.10 A 200 pm thick histological section showing the right L4-L5 intervertebral canal and parts of its associated 
intervertebral disc (D) and zygapophysial joint. H = hyaline articular cartilage of the fifth lumbar superior articular process 
(SAP); I,F = ligamentum flavnm; N = large neural structures; P = pedicle. Note the intervertebral disc degenerative changes 
and the associated large osteophytic spur (S) projecting (arrows) into the intervertebral canal which causes stenosis of this 
canal (Ehrlich’s haematoxylin and light green counterstain). 
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Figure 6.11 There is advanced thinning of the lumbosacral 
intervertebral disc with discogenic spondylosis (67-year-old 
female). The arrow indicates an osteophyte which appears 
to project posteriorly into the lumbosacral intervertebral 
canal. The dotted line shows the approximate level of the 
histological section shown in Figure 6.12. 



Figure 6.12 A 200 |xm thick histological section cut in the horizontal plane through the lumbosacral joint of the 67-year-old 
female whose radiograph is shown in Figure 6.11. Large bilateral osteophytes project (arrows) towards the exit zone of the 
left and right intervertebral canals and deform the associated Fifth lumbar large neural structures (N). A = arachnoid 
membrane; C = fibrous joint capsule; D = dural membrane; H = hyaline articular cartilage on facet surfaces; L5 = fifth lumbar 
vertebral body; LF = ligamentum flavum; PAG = paravertebral autonomic ganglion; S = spinous process; SAP = superior 
articular process of the sacrum. 
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stenosis can occur. For example, the radiograph of 
the lower lumbosacral spine of a 45-year-old male, 
which has been bisected in the median plane, shows 
degenerative osteophytosis involving the right L4-L5 
intervertebraJ canal (Figure 6.9). This causes some 
stenosis of the intervertebral canal which is more 
fully appreciated on the corresponding histological 
section (Figure 6.10). 

It is important to recognize that, in particular, plain 
film radiographs provide only a shadow of the truth. 
As an example of this, note the numerous histopatho- 
logical degenerative changes seen in Figure 6.8, some 
of which could not be observed from the radiograph 
(Figure 6.7). A further example of this important 
clinical fact is noted in the radiographic examination 
of a lumbosacral spine from a 67-year-old female 
which showed osteophytosis (best seen on the lateral 
view (Figure 6.11) involving the posterior inferior 
margin of the fifth lumbar vertebra as part of 
generalized discogenic spondylosis of the lumbosac- 
ral intervertebral joint. 

The histological appearance of the fifth lumbar 
vertebra, at the approximate level shown in Figure 
6.11 is shown in Figure 6.12. This figure shows that 
the fifth lumbar spinal ganglia are being deformed by 
large bilateral osteophytes which project more lat- 
erally than posteriorly into the exit zones of the 
intervertebral canals bilaterally. This was not obvious 
from the plain film radiographs due to the super- 
imposition of various osseous structures. 

Thus, any planned treatment procedure must take 
into account the fact that degenerative changes seen 
as a result of various imaging procedures may be 
accompanied by far more significant soft tissue 
pathology due to the degenerative process. 

The extraforaminal course of spinal nerves and 
their relationship to both hard and soft tissues are not 
always appreciated (Olsewski el al . , 1991) but should 
be borne in mind as a large posterolateral herniation 
of the lumbosacral intervertebral disc can project 
towards the ala of the sacrum, i.e beyond the exit 
zone of the intervertebral canal, and can compromise 
the neural structures contributing to the sacral 
plexus. Such an example in a 78-year-old male is 
shown in Figure 6. 13. 

Also, the far out syndrome’ can be due to 
impingement of the fifth lumbar spinal nerve 
between the sacral ala and the transverse process of 
the fifth lumbar vertebra (Wiltse et al., 1993). 
Furthermore, large osteophytes on the inferior bor- 
der of the fifth lumbar vertebra, coupled with 
'tightness' of the lumbosacral ligament, often cause 
entrapment and compression of the L5 spinal nerve 
against the sacral ala (Nathan et al . , 1982) as the 
nerve passes through the osteofibrotic tunnel formed 
between the lumbosacral ligament and the sacrum. 

In a study of cadavers (60-98 years age), Olsewski 
et al. (1991) examined the anterior primary rami of 
fifth lumbar nerves which were believed to be 



Figure 6.13 A 200 pm thick parasagittal section cut 
through the lumbosacral intervertebral disc (L5) and the 
adjacent sacral ala (A) of a 78-year-old male. Note the large 
osteophylie spurs (S) accompanying the intervertebral disc 
herniation and how this complex' deforms pan of the 
neural structures contributing to the sacral plexus (Ehrlich’s 
haematoxylin and light green counterstain). 


trapped (11 out of 102) by lumbosacral ligaments. 
They found histological evidence of chronic com- 
pression as suggested by perineurial and endoneurial 
fibrosis, peripheral thinning of myelin sheaths, or 
subjective evidence of a shift in fibre diameter to a 
population of smaller size fibres in three of the 1 1 
nerves judged to be compressed. 

An example of a large posterolateral contained 
intervertebral disc herniation, which has caused 
considerable stenosis of the lumbosacral interverte- 
bral canal in a 74-year-old male, is shown in Figure 
6.14. In this example, the large contained nucleus 
pulposus herniation has resulted in only relatively 
slight deformation of the neural complex which is 
located in the upper half of the intervertebral 
canal. However, the blood vessels have been con- 
fined to a narrow region in the lower half of the 
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Figure 6.14 The large posterolateral contained interverte- 
bral disc herniation shown in this parasagittal section from 
the left intervertebral canal of a 74-year-old male, projects 
5 mm Into the lower ha If of the intervertebral canal, below 
the neural complex, causing advanced stenosis of the canal. 
A = anulus fibrosus; LF = ligamentum flavum; L5 = fifth 
lumbar vertebra; NP = contained herniated nucleus pulpo- 
sus; SI = sacral superior articular process. There appears to 
be some disruption and congestion of the blood vessels in 
the lower half of the intervertebral canal opposite the 
contained herniation, and there is evidence of minor focal 
epineurial fibrosis (F) of the neural complex, particularly on 
the opposite side to that adjacent to the herniation 
(Ehrlich's haematoxylin and light green counterstain.) 
(Reproduced with permission from Giles, L.G.F. and Kaveri, 
M J P. (1990) Some osseous and soft tissue causes of human 
intervertebral canal (foramen) stenosis. J Rheumatol., 17, 
1474-1481.) 



Figure 6.15 A parasagittal 100 gm thick histological sec- 
tion across the L5-S1 intervertebral canal in a 71-year-old 
male cadaver with a relatively normal lumbosacral inter- 
vertebral disc. Note the large very dilated thin walled vein 
(V) and the numerous adjacent congested blood vessels in 
the intervertebral canal, particularly in the vicinity of the 
neural complex (N) which occupies a relatively small cross- 
sectional area of the intervertebral canal in comparison to 
the total cross-sectional area occupied by blood vessels. The 
blood vessels appear to be congested with thrombus 
formation, although this must be considered as speculative 
when examining cadaveric material, particularly at a section 
thickness of 100 pm. There is marked perineurial fibrosis (F) 
of the neural complex. It is interesting to note that the 
perineurial fibrosis is not related to intervertebral disc 
herniation or to an osteophyte. D = intervertebral disc; L = 
ligamentum flavum; 1.5 = inferior articular process of the 
fifth lumbar vertebra; SI = superior articular process of the 
sacrum; VB = posterolateral border of the fith vertebral body. 
(Reproduced with permission from Giles, L.G.F and Kaveri, 
M..IP (1990) Some osseous and soft tissue causes of human 
intervertebral canal (foramen) stenosis. / Rheumatol., 17, 
1474-1481.) 


intervertebral canal by the herniation and there is a 
loss of the normally clearly defined outlines of the 
blood vessels in this area, suggesting congestion of 
these vessels. There is evidence of focal epineurial 
fibrosis affecting the neural complex, mainly on the 
opposite side to that adjacent to the herniation. 

An example to show how extensive the blood 
supply can be within the intervertebral canal of a 
71-year-old male is shown in Figure 6.15. The large, 


dilated, thin walled vein and the blood vessels 
adjacent to the neural complex occupy a large area 
of the intervertebral canal and there is marked 
perineurial fibrosis of the neural complex, a finding 
which has also been noted by Jayson (1992) in 
cadavers. 

Figure 6.16 shows a further example of how 
stenosis, caused by a posterolateral contained inter- 
vertebral disc herniation, with adjacent osteophytic 
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Figure 6.l6 A parasagittal section of the left intervertebral 
canal of a 73-year-old male. D = posterolateral contained 
intervertebral disc herniation projecting 5 mm into the 
intervertebral canal, with an adjacent osteophytic spur (S) 
projecting from the junction between the lumbosacral disc 
and the sacrum; H = hyaline articular cartilage on the 
superior articular process of the sacrum (SI) which has 
developed a minor osteophytic spur (arrow); \, = liga- 
mentum flavum; T = part of a transforaminal ligament; N = 
nerve complex, including the dorsal root ganglion, which 
has been markedly deformed by the intervertebral disc 
herniation (D), resulting in some epineurial Fibrosis. (Ehr- 
lich's haematoxylin and light green counterstain.) (Repro- 
duced with permission from Giles, L.G.F. and Kaveri, M.J.P. 
(1990) Some osseous and soft tissue causes of human 
intervertebral canal (foramen) stenosis J Rheumatol ., 17, 
1474-1481.) 


spurs, can markedly deform the neural structures 
and blood vessels in the intervertebral canal of a 
73-year-old male, resulting in possible slight epi- 
neural fibrosis associated with the posterior root 
ganglion. 

Advanced zygapophysial joint osteophytosis can 
result in considerable stenosis of the intervertebral 
canal, as shown in Figure 6. 17 where a large 
osteophyte has formed at the superior margin of the 
articular process of the first sacral segment and this 
articulates with the inferior surface of the pedicle 
above, where 'fibrocartilaginous’ bumpers have 
developed between the osteophyte and the pedicle. 
The contours of the blood vessels adjacent to the 
osteophyte indicate that some of the vessels within 
the intervertebral canal are deformed by the osteo- 
phyte in this 71 -year-old male. 


In summary, intervertebral canals are defined 
superiorly and inferiorly by the pedicles of adjacent 
vertebral arches, posteriorly by the articular pro- 
cesses and the ligamentum flavum, and anteriorly by 
the vertebral bodies and the intervertebral disc 
(Rickenbacher et al., 1983). The neural structures 
passing through the intervertebral canal are sur- 
rounded by adipose tissue which has numerous 
blood vessels coursing through it. The anatomy of the 
neural structure(s) passing through a given region of 
the intervertebral canal depends upon whether the 
entrance zone, mid-zone, or exit zone is being 
considered. 

In this chapter all intervertebral canal photo- 
micrographs showing the canal in its vertical dimen- 
sion represent parasagittal histological sections at 
the junction between the mid- and exit zones. It 
can be seen that, although the sinuvertebral nerve 
has not been demonstrated at the magnification 
used, in some specimens the large neural complex 
occupies the superior region of the intervertebral 
canal, for example (Figures 6.5, 6.10 and 6.14), 
which is its usual location in the lumbar spine 
(Hadley, 1964). In some instances, contrary to the 
findings of Hoyland et al. (1989), the large neural 
structures can occupy the inferior region, as illus- 
trated in Figure 6.8. In some cases, large neural 
stuctures can be deformed by contained inter- 
vertebral disc herniation and osteophytes. The neu- 
ral complex can be considerably distorted when it is 
subjected to a pincer’ like force between an osteo- 
phytic spur on the superior articular process and a 
contained intervertebral disc herniation with an 
adjacent osteophyte, particularly when the neural 
complex passes through the lower region of the 
intervertebral canal (Figure 6.8). 

According to Pedowitz et al. (1992), nerve root 
compression, for example with disc herniation caus- 
ing spinal stenosis, may induce a variety of symptoms 
in terms of sensory deficit, motor weakness, and 
pain. Nervi nervorum located on the dorsal root 
ganglion, as well as the peripheral nerves, are 
mechanically sensitive nociceptors, so the epineur- 
ium of the posterior root ganglion may be directly 
activated by compression or mechanical stimulation 
of these nociceptors (Weinstein, 1991). It is reason- 
able to assume that, when this degree of neural 
distortion occurs, associated vascular and micro- 
vascular structures may likewise be distorted. There is 
also evidence of frequent distortion of the numerous 
vascular structures by contained intervertebral disc 
herniation, or by zygapophysial joint osteophytosis, 
in the lower lumbar spine. This raises the question of 
whether low back pain, with or without sciatica, can 
arise as a result of venous stasis causing ischaemia of 
the neural structures, followed by perineurial and 
intraneurial fibrosis, neural dysfunction, and degener- 
ation, as hypothesized in Chapter 5 (Figure 5.26). This 
seems a logical possibility in view of the evidence 
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Figure 6.17 A parasagittal section through a large osteophytic spur (S) at the L5-S1 zygapophysial joint of a 71-year-old male. 
The superior margin of the articular process of the first sacral segment (SI) has developed a large osteophyte which protrudes 
6 mm into the intervertebral canal A bumper 'fibrocartilage' (F) has developed between the osteophyte and the adjacent 
pedicle (P) of the fifth lumbar vertebra which has also developed similar bumper 'fibrocartilage' (F). The blood vessels (B) 
adjacent to the osteophyte appear to conform largely to the contour of the osteophyte, indicating that they are being 
deformed and perhaps tractioned by it. H = hyaline articular cartilage on the superior articular process of SI ; I = part of an 
intra-articular synovial fold; IVF = part of the intervertebral canal; N = part of a nerve within the intervertebral canal. The 
ligamentum flavum (L) has been disrupted and distorted by the large osteophyte. (Reproduced with permission from Giles, 
L.G.F. and Kaveri, M.J.P (1990) Some osseous and soft tissue causes of human intervertebral canal (foramen) stenosis. J. 
Rheumatol., 17, 1474-1481.) 


provided which tends to show epineurial and peri- 
neurial fibrosis (Figures 6.14 and 6.15) related to 
pressure distortion of neural and vascular structures. 
Even at the thickness of these histological sections 
there is evidence of perineurial and epineurial 
fibrosis and this is not necessarily related to direct 
pressure by an intervertebral disc herniation or an 
osteophyte. 

The effects of acute compression on intraneural 
blood flow (Olmarker et at, 1989a, 1991), nerve 
root vascular permeability (Olmarker et al., 1989b), 
and solute transport to nerve roots (Olmarker et al., 
1990) has been well documented in vivo porcine 
cauda equina graded unilateral posterior compres- 
sion experiments, and Rydevik et al. (1991) and 
Pedowitz et al. (1992) suggest that a pressure 
threshold of 50-75 mm mercury can cause a neu- 


rophysiological deficit due to 2 or 4 hours of acute 
nerve root compression. 

As venous stasis may occur within the inter- 
vertebral canal, it would appear that patients suffer- 
ing from idiopathic low back pain should be encour- 
aged to remain active in order to promote better 
circulation around the neural structures within the 
intervertebral canal. When sitting, such patients may 
well obtain some relief by using a rocking chair to 
promote circulation. 

While the results of cadaveric studies are spec- 
ulative regarding the possibility of low back pain, 
with or without sciatica, being caused by spinal 
nerve ischaemia and fibrosis, there is no doubt that 
ischaemia can be a cause of pain in other regions of 
the body (Guyton, 1986), and mechanical de- 
formation and compression may cause injury and 
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dysfunction due to the resulting local tissue ischae- 
mia (Pedowitz el al . , 1992). Naturally occurring 
biologic substances have been implicated by Sicu- 
teri et al. (1974) as producing pain in vascular 
disorders, including bradykinin, 5-hydroxytrypta- 
mine, potassium, and adenosine triphosphate which 
are grouped under the term vaso-neuroactive sub- 
stances’. As previously noted, according to Kuntz 
(1953), pain of vascular origin is a well recognized 
clinical phenomenon, although the nature of the 
stimuli required to produce such pain is not fully 
understood, nor is the way in which signals related 
to tissue damage are transmitted to the central 
nervous system (Dubner and Hargreaves, 1989). 
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Introduction 


Such is the complexity of low back pain that the 
management could fall squarely within the domain of 
the physician, rheumatologist, neurologist, neurosur- 
geon, orthopaedic surgeon, gynaecologist, general 
practitioner, physiotherapist, osteopath, chiroprac- 
tor, and quite often the psychiatrist. Low back pain 
affects 50-80% of the population (White and Gordon, 
1982). Spondylogenic back pain accounts for a large 
proportion of cases seen in practice. In the majority 
of patients with back pain, it is not possible to make 
a firm diagnosis of the cause of the pain (Roland and 
Morris, 1983). 

Pain is always an expression of a disturbance of 
neurological function (Wyke, 1987). A precise under- 
standing of the neurological mechanisms involved in 
its production is therefore an important prerequisite 
to a rational, ordered approach to management. 
Understanding of the mechanisms depends on avail- 
ability of accurate anatomical, physiological and 
pathological information in sufficient detail. This 
chapter attempts to bring together some relevant 
contemporary anatomical, neuroanatomical and clin- 
ical data on the structural and functional interaction 
between the lumbar spinal nerve (within its sheath) 
and its surroundings as it traverses the intervertebral 
canal and foramen. It is hoped that this information 
will contribute to informed assessment of low back 
pain patients and thus facilitate the choice of clinical 
management strategies. 

The lumbar spinal nerve emerges from the lumbar 
thecal sac, ensheathed in a dural sleeve (Figure 7.1), 
and runs in an osteoligamentous tunnel in the lateral 
recess of the vertebral canal, inferomedial to the 
pedicle of the vertebra. This tunnel, orientated 
obliquely caudad and laterally, is known as the lumbar 


spinal nerve root canal (Crock, 1981) or intervertebral 
canal (Lee et al . , 1988). It has a funnel-shaped entrance 
zone, lateral to the dura and a somewhat oval exit 
foramen laterally, known as the intervertebral fora- 
men. The topography, subdivisions and contents of 



Figure 7.1 Median sagittal section through the lower 
lumbar region, showing the entrance zones of the inter- 
vertebral canals, p = posterior longitudinal ligament; f= liga- 
mentum flavum. The lateral edge of the iigamentum flavum 
is closely related to the nerve, n White asterisk * = entrance 
zone of the L4 level. Note the fine nerve roots (of L4) 
surrounded by the sheath s = dural sleeve of L5 spinal 
nerve. The nerve (n) occupies a spacious opening superior 
to the horizontal mid-transforaminal ligament (it). The 
ligament does not appear to be encroaching on the neural 
space The opening for the veins (-») are separated from the 
nerve by the ligament. Scale: small divisions = mm 
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this canal have been dealt with in detail in Chapter 6. 
Only a brief mention will be made of the aspects of its 
morphology that are directly relevant to the subject of 
this chapter. The posterior longitudinal ligament, 
which is placed in the midline on the dorsal surface of 
the vertebral bodies, sends lateral extensions at the 
level of the intervertebral discs to contribute to the 
formation of the anterior wall of the intervertebral 
canal (Figures 7. 1 and 7.2). The posterior wall of the 
canal is formed by the lamina (pars interarticularis) of 
the vertebra and the lateral part of the ligamentum 
flavum and anterior surface to the zygapophysial joint. 
The outlet of the intervertebral canal, the foraminal 
exit zone (Rauschning, 1987), is the intervertebral 
foramen (see Chapter 6). It is bounded superiorly by 



Figure 7.2 Vertebral canal with the neural elements 
removed to show the internal aspect of the intervertebral 
canal at LI. F = ligamentum flavum The upper part of its 
free, lateral border forms the posterior boundary of the mid- 
zone while the lower part of the border is closely related to 
the venous foramina. L = lateral extensions of the posterior 
longitudinal ligament forming part of the anterior wall of the 
mid-zone, p = inferomedial surface of the right pedicle of LI 
vertebra. The oblique superior transforamina] ligament (☆) 
separates the opening of the nerve (n) from the arterial 
opening (a) The anterior end of the Ligament inserts on the 
posterior border of the deep anterior intraforaminal liga- 
ment which forms the posterior boundary of the opening 
for the sinuvertebral nerve ( >). h = horizontal mid-transfor- 
aminal ligament. 'Die oblique inferior transforaminal liga- 
ment is represented by rwo bands (*, white asterisks) Note 
two venous openings in the lower part of the exit zone. 
d = the L1/L2 intervertebral disc. 


the inferior vertebral notch of the vertebra above and 
inferiorly by the superior vertebral notch of the 
vertebra below. The anterior boundary is formed by 
the posterolateral surfaces of the contiguous vertebrae 
separated by the intervertebral disc, while the 
posterior boundary is formed by the lateral free edge 
of the ligamentum flavum placed anterior to the 
zygapophysial joint and the anterior surface of the 
superior articular process of the vertebra below. The 
area immediately beyond the outlet of the inter- 
vertebral foramen has been described as the postcanal 
zone (Rauschning, 1987). The foramen contains the 
neural complex (root sleeve, dorsal root ganglion and 
the nerve trunk), spinal branches of the lumbar 
segmental artery, the recurrent meningeal (sinuverte- 
bral) nerve, proximal or pedicle veins, distal or disc 
veins and a plug of fat. The nerve root complex 
occupies 30-50% of the cross-sectional area of the 
foramen (Sunderland, 1980). Most of the contents are 
pain sensitive and would give rise to pain when 
subjected to compression. 

The lumbar spine is highly mobile. It is involved in 
most movements of the body. During certain move- 
ments, e g. lateral flexion, the size of the foramen 
may be reduced markedly because of the presence of 
the two movable joints forming part of the boundary 
(Brieg, I960; Maurice-Williams, 1981). Furthermore, 
the neural complex slides to and fro continually in a 
piston-like manner during movements of the limbs 
and trunk (Sunderland, 1980). The L5 root may move 
out of its foramen by between 2 mm and 6 mm. The 
proximal lumbar roots move less (Maurice-Williams, 
1981). The displacement of the individual foraminal 
structures (especially the neural complex) would be 
multidirectional, i.e. varying combinations of ante- 
roposterior, cephalocaudal and to and fro sliding 
displacements, depending on the complexity of limb 
and trunk movements. Normal daily activities that 
involve movement of the trunk do not give rise to 
pain. This means that the foraminal contents have 
adequate room and are protected from compression 
or encroachment during posture and movement. 

The mechanism by which this protection is 
ensured is not fully known. It is widely accepted that 
the fat plug that obturates the foramen is largely 
contributory. Other structures within the interverte- 
bral canal, and at the foraminal exit zone, have been 
suggested as playing various roles. These include 
Hoffmann ligaments (Hoffmann 1898; Luyendijk et 
al. , 1966; Rauschning, 1987; Wiltse et al., 1993), the 
dural pouch formed by the emerging nerve roots 
(Sunderland, 1974, 1980), condensations of fascial 
tissue attaching the nerve root to the pedicles 
(Sunderland, 1974; Hayashi et al., 1977; Spencer et 
al., 1983; Rauschning, 1987; Kubo et al., 1994), and 
internal and external foraminal ligaments traversing 
the exit zone (Nathan et al., 1982; Amonoo-Kuofi et 
al., 1988a,b; Giles, 1992; Nowicki and Haughton, 
1992a; Transfeldt et al., 1993). 
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In this chapter, the topography of the ligaments 
related to the intervertebral canal will be described 
with emphasis on the ligaments traversing the exit 
zone. The role that these ligaments could play in the 
causation of back pain will be discussed. 


Classification of the ligaments of 
the intervertebral canal 


Various connective tissue structures and ligaments 
are connected or related to the neural complex as it 
passes through the intervertebral canal. Some of 
these ligaments form parts of the walls of the 
intervertebral canal while others traverse the exit 
zone. Pathological changes in any of these ligaments 
could predispose to structural or functional changes 
that could produce back pain. 

These ligaments may be classified into three broad 
categories according to their location within the 
intervertebral canal: 

1. Ligaments of the entrance zone 

• Posterior longitudinal ligament 

• Hoffmann ligament 

• Peridural membrane 

2. Ligaments of the mid-zone 

• Fascial condensations attaching the nerve root 
sleeve to the pedicles 

• Ligamentum flavum 

3. Ligaments of the exit zone (intervertebral foramen) 

• Internal ligaments 

• Transforaminal ligaments 

• External ligaments 

4. Ligament of the post-canal zone 

• Lumbar cribriform fascia 


Topography of the ligaments of 
the intervertebral canal 


Ligaments of the entrance zone 

Often referred to as the lateral recess, this infundibu- 
lar space houses the dural root sleeve and the 
enclosed nerve roots. 

Posterior longitudinal ligament 

The posterior longitudinal ligament will be described 
in Chapter 9 and has been labelled in Figures 3 5 and 
3.11. Only a brief mention will be made here to 
highlight its role in the protection of the neural 
complex. The main part of the posterior longitudinal 
ligament is related to the dorsal surface of the 
vertebral bodies in the midline, i.e. in the anterior 


wall of the vertebral canal. It is adherent to the 
intervertebral discs and the adjacent margins of the 
vertebral bodies. In between attachments to the 
intervertebral discs, the ligament is separated from 
the posterior surfaces of the vertebral bodies by the 
basivertebral veins and the venous channels connect- 
ing them to the anterior internal vertebral venous 
plexus. At the level of the intervertebral discs, the 
posterior longitudinal ligament gives lateral exten- 
sions which may form a large part of the ventral 
boundary of the intervertebral canal and the exit 
foramen (Figures 7.1 and 7.2). HistologjcaLly, it is 
made up of dense connective tissue (type I collagen) 
arranged in layers. Within its layers it contains some 
of the venous channels that are part of the extradural 
venous (Batson s) plexus. 

In 2-3% of the population, the lumbar portion of 
the posterior longitudinal ligament may become 
ossified (Wennekes et al., 1985; Bitar et al., 1987; 
Terayama etal., 1987; Albisinni etal., 1988; Lee etal., 
1990; Ermachenko et al., 1992). The condition is 
generally asymptomatic but, in some individuals, it 
can contribute to stenosis of the intervertebral canal, 
thereby causing a myelopathy or mimicking inter- 
mittent neurogenic claudication seen in nerve root 
vascular impairment (Wennekes et al., 1985; Erma- 
chenko et al, 1992). There is a significant association 
between ossification of the posterior longitudinal 
ligament and ossification of the ligamentum flavum 
(Tezuka et al., 1976; Ikata et al., 1977; Otani et al., 
1 986; Terayama et al. , 1 987 ; Lee et al , 1 990; Brown et 
al, 1991). 

Hoffmann ligaments 

These are bands of connective tissue that segmentally 
attach the thecal sac to the anterior wall of the 
vertebral canal and the superficial layer of the 
posterior longitudinal ligament They were first 
described by Hoffmann in 1898. Their existence has 
been confirmed by Luyendijk et al. (1966), Sunder- 
land (1974, 1980), Hayashi etal (1977), Brieg (1978), 
Hasue et al. (1983), Spencer et al. (1983), Rauschning 
(1987),Wiltseef al. (1993). The ligaments are bilateral 
and vary from narrow thread-like bands to broad 
bands which may meet in the midline. They are 
stronger and broader in the proximal segments 
(about 1 cm wide at L2) and become thinner at lower 
levels, and thread-like at L5. They may be absent at 
the first sacral level. The fibres pass cranially from the 
anterior surface of the dural sheath to attach to the 
posterior longitudinal ligament immediately proximal 
to the point where the latter ligament blends with the 
anulus fibrosus The dural attachment may extend 
laterally to the anterior aspect of the dural sleeve of 
the nerve root within the entrance zone of the 
intervertebral canal (Spencer et al., 1983). These 
ligaments prevent the neural complex from moving 
posteriorly when a disc bulges against it from the 
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anterior aspect. This could produce pain (radicular 
pain) even though there is plenty of room for the 
nerve in the bony canal posteriorly. The lateral 
extensions of the dural attachment could also help in 
preventing excessive traction on the nerve roots. 

Peridural membrane 

This is a connective tissue sheath that lines the 
vertebral canal (Fick, 1904; Schmorl and Junghanns, 
1959; Dommisse, 1975, 1979; Hayashi et al, 1977; 
Kikuchi, 1982; Schellinger et al., 1990; Wiltse et al , 
1993). Originally described as the membranous lining 
of the vertebral canal, it was Dommisse (1979) who 
introduced the term peridural membrane ’.The mem- 
brane serves as the periosteum of the vertebral canal. 
It does not cross the disc space. The extradural plexus 
of veins (Batson’s plexus) is sandwiched between this 
membrane and the posterior longitudinal ligament 
which lies superficial to it. Posteriorly, the peridural 
membrane lines the laminae while laterally it is 
loosely attached to the medial and caudal border of 
the pedicle. It can be peeled off easily with the 
thumbnail through gloves (Wiltse et al., 1993). In the 
lateral parts of the vertebral canal, as the dura gives 
tubular extensions to surround the emerging spinal 
nerve roots, the peridural membrane gives exten- 
sions, which together with the lateral extensions of 
the posterior longitudinal ligament, form a lining for 
the lateral part of the bony canal and the entrance 
zone of the intervertebral canal. This membrane and 
ligament form a thick membranous sheath around the 
dural sleeve. This sheath has been described by 
Kikuchi (1982) as the epiradicular sheath, and by 
Wiltse et al (1993) as the circumneural sheath. 
Circumneural sheath is probably a more accurate 
description, since the sheath extends laterally to 
cover the dorsal root ganglion and the proximal 
segment of the spinal nerve trunk. The tissue forming 
the circumneural sheath may be implicated in patho- 
logical conditions associated with fibrosis and nar- 
rowing at the entry zone of the intervertebral canal. 

Ligaments of the mid-zone 

This is an obliquely orientated cylindrical space, 
inferomedial to the pedicle. The dorsal root ganglion 
lies within this zone together with arteries, veins and 
sinuvertebral nerves. The ligamentum flavum is poste- 
rior to the ganglion in this part of the intervertebral 
canal. 

Fascial condensations attaching the nerve 
root sleeve to the pedicles 

Ligaments anchoring’ the exiting nerve root sheath 
to the medial surface of the pedicle above, and to the 
lateral surface of the pedicle below, have been 


described by Sunderland (1974), Hayashi et al. 
(1977), Spencer et al. (1983), Rauschning (1987) and 
Kubo et al. (1994). These ligaments are thought to be 
condensations in the fascial tissue surrounding the 
root sleeve. In meticulous microdissections of the 
cervical vertebral canal, Kubo et al. (1994) suggested 
that ‘ligamentous anchors' found anteriorly in the 
mid-zone were derived from the superficial layer of 
the posterior longitudinal ligament. More work is still 
needed to ascertain whether these fascial condensa- 
tions are different from the sheath derived from the 
peridural membrane. These anchors are believed to 
protect the nerve root from avulsion injury (Kubo et 
al., 1994). Kinking of the nerve root (Macnab, 1971; 
Hasue, 1983) may be due to caudad traction on the 
nerve root by these ligamentous anchors, following 
descent of the pedicle, as in isolated disc resorption. 
Inflammation involving the fascial condensations 
could also produce pain. 

Ligamentum flavum 

The ligamentum flavum is mentioned here in so far as 
it forms the posterior boundary of the intervertebral 
canal. It is related to both the entrance and mid- 
zones. Its morphology is described in Chapter 9 and 
has been labelled in several figures, e.g. Figures 3-5, 
3.9, 314, 3.20, 6.14 and 6.15 

The ligamentum flavum is a broad, predominantly 
elastic ligament. It is attached superiorly to the 
anterior surface of the lower border of the lamina. 
The fibres run nearly vertically downwards to gain 
attachment to the posterior surface of the upper 
border of the subjacent lamina. The lateral half of the 
ligament may incline slightly obliquely, downwards 
and laterally. Posteromedially, the edges of the right 
and left ligaments may be partially united in the 
midline, leaving only small intervals for the passage of 
veins. Anterolaterally, the ligament has a free border 
(Figures 7.1 and 7.2). The posterior surface of this 
border fuses with the anterior aspect of the capsule 
of the zygapophysial joint. The ligament is interposed 
between the exiting nerve root sheath and the 
zygapophysial joint, forming the posterior wall of the 
mid-zone (Figure 7.1). Its lower part is also related to 
the large veins emerging from the venous foramina at 
the inferior angle of the exit zone (Figure 7.2). The 
horizontal mid-transforaminal ligaments (Figure 3 16) 
and the inferior corporotransverse ligaments (Figure 
3.15) are closely related to the lateral edge of the 
ligament (Giles, 1992). Histologically, the ligamentum 
flavum of young adults is made up of 80% elastic 
fibres and 20% type I collagen fibres (Yong Hing et al . , 
1976). With ageing, there is an increase in the relative 
amount of fibrous tissue (Yong Hing et al., 1976, 
Panjabi et al., 1987). 

The ligamentum flavum may be subject to hyper- 
trophy (Beamer et al., 1993) or calcification (Towne 
and Reichert, 1931, Moiel et al., 1967; Otani et al. 
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1986; Nakamura et al., 1990; Brown etal., 1991; Baba 
et al., 1993; Kashiwagi et al., 1993). Localized 
mechanical stresses affecting the ligament (Otani et 
al., 1986) and age-related changes (Kashiwagi, 1993) 
have been suggested as probable aetiological factors. 
Hypertrophy or ossification alone do not necessarily 
cause neurologic symptoms unless other factors 
coexist (Omojola et al., 1982; Kudo et al, 1983). 
These changes could nevertheless cause narrowing of 
the anteroposterior diameter of the intervertebral 
canal which, in turn, could produce pressure on the 
foraminal contents (Moiel etal., 1967; Verbiest, 1975; 
Baba et al., 1993). Intermittent claudication is a 
common presentation in symptomatic cases (Verb- 
iest, 1975; Baba et al., 1993), but the condition may 
progress to radiculopathy and, eventually, to myelo- 
pathy (Moiel et al., 1967; Tezuka et al., 1976; Ikata et 
al., 1977; Guo-Xiang et al., 1988). 

Ligaments of the exit zone 
(intervertebral foramen) 

The exit zone is a shallow anular opening bounded by 
the lateral borders of the pedicles and the lateral edge 
of the ligamentum flavum (Rauschning, 1987). This 
corresponds to the intervertebral foramen (Nomina 
Anatomica, 1983). 

Most descriptions of the intervertebral foramina 
often leave the reader with the impression that the 
lumbar intervertebral foramina are large oval open- 
ings devoid of any ligamentous partitions (Crelin, 
1982; Williams et al., 1989; Parke, 1992). This 
impression is reinforced by the appearance of these 
foramina on plain radiographs. Normal ligamentous 
tissue is radiolucent, and therefore cannot be imaged 
by conventional plain film radiography. Constraints in 
the modern curricula of anatomy courses do not 
permit detailed dissection of the lumbar interverte- 
bral foramina. This limitation is compounded by the 
fact that, in the preferred posterior approach to the 
lumbar spine, the surgeon does not get a good 
opportunity to explore the parts of the intervertebral 
foramina that are anterior to the exiting ventral root. 
It is within reason, therefore, that earlier reports of 
the presence of ligaments traversing the interverte- 
bral foramina have not engendered much inquiry. It is 
pertinent, however, to give a brief history of the work 
that has been done on this important aspect of the 
morphology of the lumbar spine. 

Historical gleanings 

In a quest for factors that could produce compression 
or irritation of the spinal nerves in the intervertebral 
foramina, Larmon (1944) dissected ten unpreserved 
autopsy lumbar spines. In three cases he noted that a 
ligament connected the transverse process of the fifth 
with the body of the fifth and the first sacral vertebrae. 


This ligament lay directly over the intervertebral 
foramen at the exit of the fifth lumbar nerve’. He added 
that evidence of compression could not be demon- 
strated in two cases, although the ligament bound the 
nerve firmly to the body of the first sacral vertebra in 
all three cases. Golub and Silverman (1969), in an 
attempt to extend Larmon’s (1944) report, dissected 
ten spines obtained at autopsy in the fresh state. Their 
subjects were selected to exclude cases with disorders 
of the spine or sciatica. They found a total of forty- 
seven anomalous transforaminal ligaments of various 
types' in nine of the ten spines dissected. The 
ligaments were random in pattern and distribution, 
but were found at each of the five lumbar levels. The 
ligament at the fifth lumbar level was present in all 
nine spines. Right and left sides of some spines 
showed symmetrical ligaments, while others differed. 
The ligaments were easily distinguishable from the 
overlying fibrous covering because they were strong, 
unyielding structures of varied width and thickness, 
ranging from 2 to 5 mm. In one specimen, the 
corporotransverse ligament at the fifth lumbar level 
was completely ossified. Golub and Silverman (1969) 
classified the ligaments into five major types, namely: 
corporotransverse superior, corporotransverse infe- 
rior, superior transforaminal, mid-transforaminal, and 
inferior transforaminal ligaments. They concluded that 
there was no evidence to suggest that the ligaments 
were acquired structures, although they might some- 
times be involved in nerve root entrapment syn- 
dromes. These findings were confirmed by Bachop 
and Hilgendorf (1981) and Bachop and Ro (1984), 
who added that the ligaments could be flat, wide and 
flexible, or rod-like and rigid. Both forms could co- 
exist in any individual spine. Nathan et al. (1982) 
added to the reports on the fifth lumbar level by 
showing that a lumbosacral ligament, extending from 
the transverse process and body of the fifth lumbar 
vertebra to attach to the ala of the sacrum, formed an 
osteofibrotic tunnel for the fifth lumbar nerve and 
vessels that accompanied it. They dissected 42 
specimens. The ligament was present in all cases but 
the size, thickness, shape and attachments were 
variable. The ligament was found to cause entrapment 
and compression of the nerve in some cases but they 
did not give the incidence. No mention was made of 
the corporotransverse ligament described by earlier 
reports. Mamillo-accessory ligaments associated with 
the dorsal rami were described by Bogduk (1981) and 
confirmed by Ro and Bachop (1984). Inspite of the 
clarifications brought by these studies, the question of 
whether these structures were true ligaments or not 
remains unresolved. None of the studies appeared to 
have looked at the reasons why the ligaments were 
found at some levels and not others. Amonoo-Kuofi et 
al. (1988a, b) dissected the lumbosacral spines of 12 
adult cadavers and one fetal spine, which were 
carefully selected to exclude diseases or anomalies of 
the vertebral column. They showed, for the first time, 
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that all lumbar intervertebral foramina were crossed 
by ligaments which subdivided the openings into 
smaller compartments for the protection of the 
structures passing through. The ligaments were better 
developed in some subjects than in others. The 
morphology of the ligaments at the lumbosacral 
junction were distinctly different from those of the 
upper lumbar levels. A classification based on their 
attachments was suggested. This will be adopted in the 
ensuing description The finding of ligaments in the 
lumbar intervertebral foramina of the fetal specimen 
corroborated the suggestion of Golub and Silverman 
(1969) that these structures were not only integral 
parts of the lumbar spine but were also present at 
birth These observations were strengthened by the 
results of a sectional anatomical study reported by 
Nowicki and Haughton (1992a). They sectioned the 
lumbar spines of 15 cadavers and found that fibrous 
ligaments were present in every lumbar intervertebral 
foramen. They described six different types of liga- 
ments. The morphology of some of the ligaments 
appeared to differ somewhat from those described by 
previous workers. At the time of their study, Nowicki 
and Haughton (1992a) were unaware of the earlier 
report of Amonoo-Kuofi el al. (1988a, b). This fact 
enhanced the significance of their corroborative 
information. Radiological studies by Church and 
Buehler (1991) and Nowicki and Haughton (1992b) 
brought evidence to show that computerized axial 
tomographic and magnetic resonance imaging tech- 
niques could be modified to image these ligaments 
under experimental conditions. Giles (1992) carried 
out a histological study of the fourth and fifth lumbar 
intervertebral canals and confirmed the presence of 
ligaments in the mid-zones of these two levels. He 
stressed that there was no evidence of compression of 
the large nerves and blood vessels by these ligaments 
in his study. His report was the first to show that the 
transforaminal ligaments contained blood vessels and 
nerves. 


Topography of the ligaments of the exit zone 

The ligaments traversing the exit zones of the upper 
four lumbar levels differ from those of the fifth 
lumbar foramen. They will therefore be described 
separately, beginning with the foramina of the upper 
four lumbar levels. 

Ligaments traversing the foramina of the 
upper four lumbar segments 

Internal ligament 

The oblique inferior transforaminal ligament 

This is a tough, flat ligament measuring between 3 
and 5 mm in width. It is located in the lower parts 
of the upper four intervertebral foramina. It arises 


from the posterolateral surface of the intervertebral 
disc and passes obliquely downwards and pos- 
teriorly to gain attachment to the lower part of the 
anterior surface of the superior articular facet 
(Figure 7.3). It crosses the lateral free border of the 
ligamentum flavum The ligament bridges over the 
superior vertebral notch to convert it into a foramen 
which, in all spines, was seen to transmit a large 
vein. In some spines, the ligament was represented 
by multiple smaller bands thus giving rise to many 
smaller foramina, all of which transmitted veins 
(Figure 7.2). This ligament was described by Now- 
icki and Haughton (1992a) as a variant of their type 
2 ligament. 



Figure 7.3 Photograph of the L4 intervertebral foramen 
with the external ligaments removed to show the lower 
intraforaminal ligaments, h = horizontal mid-transforaminal 
ligament; it = oblique inferior transforaminal ligament; 
z = anterior surface of the capsule of the zygapophysial joint; 
d = intervertebral disc between L 4 and L5 vertebrae; v = ve- 
nous compartments. (Reproduced with permission from 
Amonoo-Kuofi, H.S., El-Badawi, M.G. and Fatani.J.A. (1988a) 
Ligaments associated with lumbar intervertebral foramina 
1 .LI to 14. J. Anal, 156,177-183.) 
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Intraforaminal ligaments 

These ligaments are attached to the margins of the 
intervertebral foramen. There are three types of 
intraforaminal ligaments: 

(a) Oblique superior transforaminal ligament 

(b) Deep anterior intraforaminal ligament 

(c) Horizontal mid-transforaminal ligament 

Oblique superior transforaminal ligament 

This is a strong flat band measuring 1.5-2mtn. It is 
attached superiorly to the inferior border of the 



Figure 7.4 Photograph of the L3 intervertebral foramen 
showing the external ligaments. In this subject, ligaments 
were highly developed and mostly flattened. o = oblique 
superior transforaminal ligament; p = root of the right 
pedicle of L3 vertebra; d = intervertebral disc between 1.3 
and L4 vertebrae; inf = inferior corporotransverse ligament 
of L3 level; s = superior corporotransverse ligament of 1.4 
level; "^opening for the nerve trunk; a = arterial opening; 
f= lateral edge of ligamentum flavum; itl=oblique inferior 
transforaminal ligament. (Reproduced with permission from 
Amonoo-Kuofi, H.S., El-Badawi, M.G. and Fatani, J. A (1988a) 
l igaments associated with lumbar intervertebral foramina 
1.1.1 to 1.4. J Anal., 156, 177-183 ) 


posterior end of the pedicle. The ligament passes 
obliquely downwards and forwards to attach to the 
posterolateral surface of the body of the vertebra 
above the level of the intervertebral disc (Figure 7.4). 
In some individuals, the lower attachment was to the 
posterior border of the deep anterior intraforaminal 
ligament (Figure 7.2). The ligament bridges the upper 
part of the inferior vertebral notch to form a vascular 
foramen. The main spinal branch of the lumbar 
segmental artery was seen passing through this 
foramen to enter the vertebral canal. The ligament 
was represented by two bands in some spines, thus 
creating two foramina, both of which transmitted 
arteries (see Figure 7.5). A similar ligament was 
illustrated by Golub and Silverman (1969) but they 
did not differentiate it from their corporotransverse 
superior ligament. 


tpl 



Figure 7.5 A close-up view of the right LI intervertebral 
foramen showing the compartments of the lumbar inter- 
vertebral foramen a = obJique superior transforaminal 
ligament; b = deep anterior intraforaminal ligament; c = 
inferior corporotransverse ligament of LI; d = superior 
corporotransverse ligament of L2; e = ligamentum flavum; 
f= horizontal mid-transforaminal ligament; tpl and tp2 = 
transverse processes of LI and L2 vertebrae respectively. For 
explanation of the numbered openings, refer to Figure 7.6. 
(Reproduced with permission from Amonoo-Kuofi, MS., El- 
Badawi, M.G. and Fatani, J. A. (1988a) Ligaments associated 
with lumbar intervertebral foramina. I l l to [A. J. Anat ., 
156,177-183.) 


Copyrighted Material 


Ligaments related to the intervertebral canal and foramen 121 


Deep anterior intraforaminal ligament 

This is a vertically orientated ligament located in the 
anterior part of the exit zone. 

It is the smallest of the ligaments of the inter- 
vertebral foramen. It is attached superiorly to the 
lower border of the root of the pedicle. The ligament 
passes vertically downwards to gain attachment to 
the lower part of the posterior surface of the 
vertebral body at the junction with the intervertebral 
disc (Figure 7.2). As mentioned previously, the 
posterior edge of this ligament gave attachment to 
the oblique superior transforaminal ligament in some 
specimens. The osteofibrous foramen formed by this 
ligament transmitted the sinuvertebral nerve and a 
small artery. 

Horizontal mid-transforaminal ligament 

Tliis is a strong ligament, placed horizontally at the 
junction between the upper two-thirds and the lower 
one-third of the intervertebral foramen. It is attached 
posteriorly to the anterior surface of the upper part of 
the superior articular facet. Anteriorly, the ligament is 
attached to the posterior part of the intervertebral 
disc and the adjacent part of the upper border of the 
vertebral body (Figures 7.1, 7.2 and 7.3). Its width 
ranges from 0.5 mm to 2 mm. The superior surface of 
the ligament forms a gutter that serves as the bed for 
the exiting spinal nerve. This ligament was described 
as the inferior transforaminal ligament by Golub and 
Silverman (1969) and by Nowicki and Haughton 
(1992a) as a variant of the type 2 ligament. Giles 
(1992) demonstrated it histologically and showed 
that it contained blood vessels and nerves. Owing to 
its thickness, the medial part of the ligament was seen 
in parasagittal sections of the mid-zone (Giles, 
1992). 


External ligaments 

These ligaments are related to the outer surface of the 
intervertebral foramen. In dissections, they appear to 
radiate from the anterior surface of the root of the 
transverse process in three discrete bands, namely 
ascending, transverse and descending, of which the 
transverse band passes horizontally to the waist of the 
vertebra without crossing an intervertebral foramen 
(Figure 7.5). Because of their attachments to the 
transverse process as well as to the vertebral body, 
they are classified as the corporotransverse ligaments. 
These were the most variable ligaments in terms of 
thickness, appearance and in position. 

Superior corporotransverse ligament 

This ligament arises from the upper border of the 
root of the transverse process. It may vary from a 
strong rounded ligament to a broad, flat one. It passes 


obliquely, superiorly and anteriorly, crossing the 
lower part of the exit foramen below the spinal 
nerve, to insert into the posterolateral aspect of the 
lower border of the vertebra above and the adjacent 
part of the intervertebral disc (Figures 7.4 and 7.5). It 
is trans articular and therefore it is expected that 
lateral flexion of the lumbar spine will cause changes 
in tension within the ligament. This ligament corre- 
sponds to the inferior corporotransverse ligament 
described by Golub and Silverman(1969). 

Inferior corporotransverse ligament 

This ligament arises from the lower border of the root 
of the transverse process. It forms a rounded or flat 
structure, with a width ranging from 1 mm to 3.5 mm. 
It passes obliquely, downwards and anteriorly, cross- 
ing superficial to the superior corporotransverse 
ligament of the vertebra below (Figures 7.4 and 7.5). 
It inserts into the posterolateral aspect of the upper 
border of the vertebra below and the adjacent part of 
the intervertebral disc. The ligament is inferomedial 
to the exiting spinal nerve. The medial surface of the 
proximal part of this ligament is closely related to the 
lateral border of the ligamentum flavum and the 
horizontal mid-transforaminal ligament (Figures 7.2, 
7.4 and 7.5). The ligament forms the posteroinferior 
boundary of the neural foramen (see below). Like the 
superior corporotransverse ligament, this ligament is 
also transarticular and therefore is expected to 
exhibit variations in tension during lateral flexion. 

Compartments of the exit foramina of the 
upper four lumbar segments 

The arrangement of the internal, intra- and external 
foraminal ligaments is such that the exit foramen is 
partitioned into neural, arterial and venous openings 
(Figures 7.4, 7.5 and 7.6) Owing to the differences in 
the mobility and consistency of the individual forami- 
nal contents, this arrangement is beneficial consider- 
ing the fact that the lumbar spine is constantly in 
motion. 

The opening for the spinal nerve is centrally 
placed. The nerve is the most mobile structure within 
the foramen and its central location ensures that it 
stays clear of the bony walls of the opening. It glides 
on the grooved smooth superior surface of the 
horizontal mid-transforaminal ligament, which also 
ensures that it is kept clear of the inferior pedicle and 
the vulnerable veins interposed between the pedicle 
and the nerve. The transarticular attachments of the 
superior and inferior corporotransverse ligaments, 
which contribute to the antero-inferior and postero- 
inferior boundaries of the neural foramen, respec- 
tively, enable the size of the neural opening to alter 
during movement. 

The vascular foramina surround the neural fora- 
men. The vessels are relatively non-mobile and by 
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Figure 7.6 Schematic diagram showing the attachments of 
the Ligaments of the external aspect of the lumbar inter- 
vertebral foramen, and their contribution towards the 
partitioning of the foramen. Based on Figures 7.4 and 7.5 
1 = compartment for the spinal artery; 2 = compartment for 
the ventral ramus of the spinal nerve; 3 = compartment for 
the recurrent meningeal nerve - this compartment also 
transmits a small branch of the segmental artery; 4 and 
5=tunnels transmitting the medial and lateral divisions of 
the dorsal primary ramus respectively, and accompanying 
vessels; 6 = compartment for veins (often multiple). [Repro- 
duced with permission from Amonoo-Kuofi, H.S.,EI-Badawi, 
M.G. and Fatani, J.A. (1988a) Ligaments associated with 
lumbar intervertebral foramina. 1.L1 to L4, / Anal., 156, 
177-183.) 


keeping them close to the margins of the foramen, 
they can be plastered to the walls of the inter- 
vertebral canal. The branches of the arteries can, 
therefore, course to their destinations along the 
walls, without having to cross the intervertebral canal 
space. Similarly, the veins coming from the epidural 
plexus continue along the walls to exit through the 
venous openings, without crossing any space in the 
canal. The nerve root sleeve is free to slide to and fro 
within the intervertebral canal without endangering 
any vascular structures. The neural (radicular) bran- 
ches of the spinal vessels join the nerve outside the 
foramen, and accompany the nerve through the 
neural opening. Therefore, they are protected by the 
circumneural sheath. 

Ligaments traversing the fifth lumbar exit zone 

The fifth lumbar intervertebral foramen is located in a 
region of structural and functional transition. The 
highly mobile lumbar spine, articulating with the 
immobile sacrum, makes the mechanical conditions 
at this junction different from the upper four lumbar 
levels (Amonoo-Kuofi et al., 1988b). The spinal nerve 
trunk and its ventral and dorsal rami not only cross 
the junction but are also closely related to two mobile 


joints - the ventral ramus to the intervertebral joint 
and the dorsal ramus to the zygapophysial joint 
(Amonoo-Kuofi et al., 1988, 1991). The series of 
bends that the nerve turns through, as it runs towards 
the pelvic cavity, are such that, if it were not 
protected, it would bowstring anteriorly during 
flexion of the lumbosacral junction (Amonoo-Kuofi el 
al., 1988b, 1991; Smith et al, 1993). This would 
result in compression of the nerve against the inferior 
surface of the L5 transverse process, which over- 
hangs the intervertebral foramen, and consequently 
produce pain. The presence of ligaments, and their 
arrangement, however, prevents this from happening 
(Nathan et al., 1982; Amonoo-Kuofi et al., 1988b; 
Transfeldt el al. , 1993). 

Four ligaments have been identified as playing 
important roles in the mechanism by which the fifth 
lumbar spinal nerve and its two rami are protected 
from the effects of movement at the lumbosacral 
junction. These are; 

1. The lumbosacral ligament 

2. The lumbosacral hood 

3. The L5 corporotransverse ligament 

4. The mamillo-transverso-accessory ligament 

The lumbosacral ligament 

This is more of a vertebropelvic ligament than a 
juxtaforaminal ligament. Although it is described in 
most standard texts of anatomy, some aspects of its 
morphology, that are not fully described, were 
uncovered in our dissections. The ligament is 
included here for two reasons. First of all, it bears 
important relationships to both the ventral and dorsal 
rami of the fifth lumbar spinal nerve. Secondly, it 
gives attachment to the lumbosacral hood and the 
mamillo-transverso-accessory ligament. 

This ligament bridges the interval between the 
antero-inferior border of the fifth lumbar transverse 
process and the upper surface of the ala of the 
sacrum. Its attachment to the sacrum is to the ridge 
that corresponds to the transverse process element of 
the ala of sacrum (Figures 7.7, 7.8 and 7.10). The 
upper part of the ligament, immediately subjacent to 
the transverse process, is thickened to form a 
rounded cord which continues laterally to reinforce 
the iliolumbar ligament (Figures 7.7, 7.8 and 7.10). 
The lumbosacral ligament has a free, crescentic 
medial border, that stops short of the lateral surface 
of the body of the fifth lumbar vertebra. The fibres in 
this free border are vertically orientated, unlike the 
rest of the ligament which has horizontally orientated 
fibres (Figures 7.8 and 7.9a). This border forms the 
lateral boundary of an opening through which the 
ventral ramus of the fifth lumbar spinal nerve 
emerges to descend into the pelvis (Figure 7.8). The 
medial boundary of the opening is formed by the 
lateral surface of the lumbosacral intervertebral disc 
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Figure 7.7 Ventral view of the fifth lumbar intervertebral 
foramen. The blood vessels and nerves have been removed 
to show the anterior ligaments in situ, tp = transverse 
process of the fifth lumbar vertebra; Is = lumbosacral liga- 
ment; a = upper surface of the ala of sacrum; d = interverte- 
bral disc between fifth lumbar and first sacral vertebrae; 
r = thickened upper part of the lumbosacral ligament 
forming a rounded cord; hd = lumbosacral hood; 
* = corporotransverse ligament passing deep to the lumbo- 
sacral hood to insert on the intervertebral disc. m = medial 
limb of the lumbosacral hood; I = lateral limb of lumbosacral 
hood; arrow head = crescentic, medial border of the lumbo- 
sacral ligament; v=opening for the descending branches of 
the fourth lumbar segmental vessels to the fifth lumbar. 
Scale = mm. (Reproduced with permission from Amonoo- 
Kuofi, H.S., El-Badawi, M.G., Fatani, J.A. and Butt, M M. 
(1988b) Ligaments associated with lumbar intervertebral 
foramina. 2. The fifth lumbar level. J. Anal., 159, I — 10.) 


Figure 7.8 Photograph of the lumbosacral junction dis- 
sected to show the fifth lumbar intervertebral foramen and 
the related structures on the left side of an adult specimen, 
d = lumbosacral intervertebral disc (and sacral promontory); 
tp = transverse process of L5; s = ganglion of sympathetic 
chain giving a grey ramus communicans to L5; n = communi- 
cating branch from L4 ventral ramus to L5 ventral ramus 
(n'); a = branch of iliolumbar artery to the fifth lumbar 
foramen; hd = lumbosacral hood; Is = lumbosacral ligament; 
r= thickened upper part of the lumbosacral ligament. 
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Figure 7.9 (A). Photograph of the ventral aspect of the L5/S1 exit zone on the left side showing the corporotransverse 
ligament (*). The medial limb of the lumbosacral hood (m) has been partially reflected laterally to expose this strong band. 
Note that the inferomedial attachment of the corporotransverse ligament includes the intervertebral disc (d); t = transverse 
process of the fifth lumbar vertebra; Is = lumbosacral ligament; a = ala of sacrum; 1 = superomedial opening; 2 = irtferolateral 
opening. (B). Photograph of the ventral view of the lumbosacral junction of a fetus showing the exit zone of the left fifth 
lumbar intervertebral canal. t = transverse process of the fifth lumbar vertebra; il = iliolumbar ligament; r = thickened upper 
part of the lumbosacral ligament, ic = cartilaginous iliac crest; a = medial part of the ala of sacrum; o = opening for th e medial 
division of the dorsal primary ramus inferior to the transverse (anterior) part of the ma mil lo-transverso-accessory ligament; *, 
= corporotransverse ligament. Scale, small divisions = mm. (Reproduced with permission from Amonoo-Kuofi, H.S., El-Badawi, 
M.G., Fatani, J.A. and Butt, M M (1988b) Ligaments associated with lumbar intervertebral foramina. 2. The fifth lumbar level. 
J. Anat., 159, 1-10.) 


and adjacent part of the body of the fifth lumbar 
vertebra. The superior boundary of the opening is 
formed by the medial part of the inferior border of 
the transverse process, while the inferior boundary is 
formed by the medial part of the ala of sacrum (Figure 
7.9). The opening so defined lies in the same vertical 
plane as the ventral sacral foramina. 

Tloe lumbosacral hood 

This is a tent-like ligament that forms a roof over the 
ventral ramus, and its accompanying vessels, as they 
course over the smooth upper surface of the ala of 
sacrum (Amonoo-Kuofi et al., 1988b). Superiorly, it is 
attached to the anteroinferior edge of the transverse 


process of the fifth lumbar vertebra. There is usually 
an opening or two in the attachment for the passage 
of intersegmental vessels - mainly pedicular veins 
draining into the ascending lumbar vein (Figure 7.7). 
Laterally, the hood is attached to the anterior surface 
of the lumbosacral ligament. It has two crescentic, 
free borders - one medial and one inferior. The 
inferior border arches over the ventral ramus and the 
lumbar branches of the iliolumbar vessels (Figure 
7.8) It gains attachment to the intervertebral disc and 
sacrum, respectively, by two limbs - one medial and 
one lateral. The medial limb is attached to the lateral 
aspect of the lumbosacral intervertebral disc and the 
adjacent part of the first sacral vertebra. The lateral 
limb is attached to the lower part of the anterior 
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Figure 7.10 Dorsal view of the junction between the fifth 
lumbar and first sacral vertebrae on the left side of an adult 
specimen. t = posterior surface of the transverse process of 
the fifth lumbar vertebra; z = 1.5/S 1 zygapophysial joint; 
a = ala of the sacrum; Is = lumbosacral ligament; r= thick- 
ened upper part of the lumbosacral ligament; il = iliolumbar 
ligament; * mamillo-transverso-accessory ligament (1 = 
superior attachment, 2 = anterior attachment, 3 = posterior 
attachment); It = opening for the lateral division of the L5 
dorsal ramus.The thick part of the lumbosacral ligament has 
reduced this opening to a narrow slit within which the 
nerve can easily be entrapped. m = opening for the medial 
division of the dorsal ramus (Reproduced with permission 
from Amonoo-Kuofi, H.S., El-Badawi, M.G., Fatani, |.A. and 
Butt, M.M. (1988b) Ligaments associated with lumbar 
intervertebral foramina. 2. The fifth lumbar level. / Anal., 
159, 1-10 ) 


surface of the lumbosacral ligament and the adjacent 
part of the anterior surface of the ala of the sacrum. 
The presence of the lumbosacral hood was con- 
firmed by Giles (1992). 

Because of its attachments to the fifth lumbar 
transverse process and the body, as well as the ala, of 
the sacrum, the lumbosacral hood is, functionally, a 
transarticular ligament. Therefore, during flexion of 
the hip, as in straight leg raising, when the nerve rises 
toward the roof of the tunnel (Maurice-Williams, 
1981; Smith et al., 1993), the tension in the ligament 
will also be reduced as the distal and proximal 
attachments are approximated. 


The grey ramus communicans from the sym- 
pathetic trunk to the fifth lumbar spinal nerve, enters 
the lumbosacral atrium (Amonoo-Kuofi et al., 1988b) 
by passing through an opening, bounded laterally by 
the upper part of the medial border of the lumbosac- 
ral hood. The medial and inferior boundaries of this 
opening are formed by the root of the transverse 
process and the medial end of the corporotransverse 
ligament, respectively (Figure 7.7). The 'lumbosacral’ 
ligament, described by Nathan et al. (1982) was 
similar to this ligament, except that the medial part of 
their ligament was attached along the whole of its 
length to the side of the fifth lumbar vertebra. The 
lumbosacral hood may vary in size, shape or thick- 
ness in different individuals (Nathan et al., 1982; 
Amonoo-Kuofi et al., 1988b). It was present in fetal 
specimens dissected by our group. The ligament 
forms the roof of an osteofibrous tunnel, through 
which the ventral ramus and its accompanying 
vessels, embedded in a dense plug of fat, pass to 
reach the pelvic cavity. The descending branch of the 
fourth lumbar spinal nerve, coming to join the fifth 
lumbar ventral ramus (to form the lumbosacral 
trunk), passes superficial to the hood (Figure 7.8). 

The L5 corporotransverse ligament 

The L5 corporotransverse ligament is a strong, cord- 
like ligament measuring 2-5 mm in diameter. Proxi- 
mally, it is attached to the medial part of the 
accessory process of the fifth lumbar vertebra. From 
this attachment, it passes obliquely downwards, 
forwards and medially, across the lateral surface of the 
fifth lumbar intervertebral foramen, to gain insertion 
into the lateral surface of the lower part of the fifth 
lumbar vertebral body and the adjacent part of the 
lumbosacral disc (Amonoo-Kuofi et al., 1988b; Amo- 
noo-Kuofi et al., 1991). This ligament lies under cover 
of the lumbosacral hood. Its inferior attachment is 
often deep to the medial limb of the hood (Figures 
7.7 and 7.9a). In fetal specimens, it is a thin, thread- 
like, but nevertheless strong, structure (Figure 7.9b). 
As it crosses the intervertebral foramen, the ligament 
divides the foramen into a smaller superomedial and 
a larger inferolateral compartment. The superomedial 
opening transmits the grey ramus communicans from 
the sympathetic trunk to the fifth lumbar nerve. The 
inferolateral opening transmits the spinal nerve trunk 
medially, the venous plexus laterally, and the spinal 
branch of the lumbar division of the iliolumbar artery 
between them (see Figure 7.8). The orientation of the 
corporotransverse ligament causes the nerve to slide 
laterally as it rises towards the transverse process 
during flexion of the hip (Amonoo-Kuofi et al., 
1988b; Amonoo-Kuofi et al., 1991). This ensures that 
the moving nerve is kept clear of the lateral surface of 
the vertebral body. Owing to its attachment to the 
intervertebral disc, the ligament will slacken during 
hip flexion (as the nerve rises towards it) and, 
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therefore, minimize the possibility of impingement. 
The vessels are not at risk of compression by the 
nerve because, during hip flexion, the nerve initially 
rises towards the transverse process before sliding 
laterally (Maurice-Wiiliams, 1981; Smith et al., 1993). 
There is no evidence to suggest that the vessels move 
to the same extent as the nerve during flexion and 
extension of the hip. 

The corporotransverse ligament was reported by 
Larmon (1944), Golub and Silverman (1 969), Macnab 
(1971), Bachop and Hilgendorf (1981), Bachop and 
Ro (1984), Janse and Bachop (1985) and Church and 
Buehler (1991) but their accounts of the topography 
and attachments of the ligament appeared to be 
incomplete. 

The mamillo-lransverso-accessory ligament 

This is a strong, flattened, tripartite ligament which, 
though not related to the fifth lumbar intervertebral 
foramen, deserves mention because of its important 
relationship to the two divisions of the dorsal ramus 
of the fifth lumbar spinal nerve. The potential for 
entrapment of the branches of the dorsal ramus by 
this ligament appears to be greater than that of the 
ventral ramus by its related ligaments. 

The ligament has the shape of an inverted Y 
(Amonoo-Kuofi et al., 1988b). The stem of the Y is 
attached to the posterior part of the accessory 
process of the fifth lumbar vertebra. As the ligament is 
followed inferiorly, it bifurcates into anterior and 
posterior limbs. The posterior limb descends ante- 
rolateral to the L5/S1 zygapophysial joint to gain 
insertion into the upper border of the superior 
articular facet of the sacrum. It may be adherent to 
the anteromedial part of the capsule of the zygapo- 
physial joint (Figure 7. 10). This part of the ligament is, 
clearly, an accessory ligament of the L5/S1 zygapo- 
physial joint. The anterior limb of the ligament runs 
horizontally forwards to gain attachment to the 
posterior surface of the lumbosacral ligament. It 
defines two openings, superior and inferior (Amo- 
noo-Kuofi et al., 1988b, 1991). The superior opening 
is a triangular, often slit-like, space bounded antero- 
superiorly by the posterior surface of the lumbosacral 
ligament, posteriorly by the stem of the mamiilo- 
transverso-accessory ligament, and posteroinferiorly 
by the anterior limb of the ligament. It transmits the 
lateral division of the dorsal ramus. The inferior 
opening is more spacious. Superiorly, it is bounded 
by the anterior limb of the ligament, and anteriorly by 
the lower part of the lumbosacral ligament. The 
posterior boundary is formed by the posterior limb of 
the ligament, and the inferior boundary by the upper 
surface of the ala of sacrum. It gives passage to the 
medial division of the dorsal ramus. This ligament is, 
probably, the most inaccessible of the ligaments 
associated with the lumbar intervertebral foramina. 
The narrowness of the slit for the lateral division of 


the dorsal ramus means that there is a greater risk of 
entrapment of that nerve than there is of the medial 
division or of the ventral ramus. It should be 
considered in the differential diagnosis of low back 
pain localized at the level of the posterolateral part of 
the iliac crest. 


Ligament of the postcanal zone 

Lumbar cribriform fascia 

This fascia has been described as a fibrous sheet that 
overlies the foraminal exit (Golub and Silverman, 
1969, Bogduk andTwomey, 1987; Rauschning, 1987; 
Paz-Fumagalli and Haughton, 1993). It is a sagittally 
orientated fascia that separates the overlying psoas 
major muscle from the intervertebral foramen. The 
exact nature of this fascia is not very clear. Bogduk 
andTwomey (1987) described it as the ventral leaflet 
of the intertransverse ligament. The histological 
account by Rauschning (1987) suggests that it is the 
anterior layer of the thoracolumbar fascia. Anteriorly, 
it is attached to the posterolateral aspect of the 
vertebral body, the lateral parts of the anterior 
longitudinal ligament, and the intervertebral disc. 
Posteriorly, it is attached to the transverse and 
articular processes. At all levels, the cranial part of the 
fascia is thicker, while the caudal part is thinner and 
more delicate. All accounts agree that the fascia is 
more difficult to visualize and demonstrate at the 
L5/S1 level. The middle and caudal thirds of the fascia 
are penetrated by vessels and nerves. We noted, in 
our dissections, that on removal of the psoas major 
muscle, there was a fascial condensation, deep to the 
muscle, but it did not form a sheet that could be 
peeled off as one layer. It had to be removed by 
dissection. Deep to the fascia, opposite each inter- 
vertebral foramen, there was a complex array of 
arteries, veins and communicating nerves (Figure 
7.1 1 A). Sandwiched between these and the foraminal 
exit, there was a plexus, or polygonal ring, of veins, 
that completely obscured the view of the foramen 
(Figure 7.1 IB). These juxtaforaminal venous rings 
received tributaries from the intervertebral foramina 
and were connected by longitudinal intersegmental 
veins to form the ascending lumbar vein. The 
intervertebral foramina, and the ligaments associated 
with them are, therefore, separated from the lumbar 
cribriform fascia and the overlying psoas major 
muscle, by this rich plexus of veins. 

Histological studies of ligaments associated 
with the intervertebral foramina 

The ligaments associated with the intervertebral 
foramina are not easily accessible by dissection. 
Because of this, some workers have resorted to 
sectional anatomic techniques in attempts to study 
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Figure 7.11 (A), Photograph showing the superficial relations of the left LI intervertebral foramen. The segmental artery (a) 
is seen coursing dorsally, across the upper part of the foramen, accompanied by its vein. The spinal branch of the artery and 
other smaller branches are also seen entering the foramen. Note the plexus of veins (v) sandwiched between the 
intervertebral foramen and the dorsal continuation of the segmental artery. LI = ventral ramus of the first lumbar spinal nerve 
receiving a communicating branch (com) fromT12 nerve; sym = sympathetic ramus. (B). The segmental artery, a, and the 
ventral ramus have been reflected ventrally to show the underlying venous network. The somewhat polygonal ring of veins 
(v) receives tributaries from the postvertebral region. It also communicates with similar rings at the other lumbar levels 
through the ascending lumbar vein (asc). Tributaries enter the deep surface of the ring from the intervertebral canal; p, pedicle 
of LI; — », upper border of the intervertebral foramen; arrow head = anterior margin of the foramen. [Reproduced with 
permission from Amonoo-Kuofi, H.S., (El-Badawi, M.G. and Fatani, J.A. (1988a). Ligaments associated with lumbar 
intervertebral foramina. 1.1.1 to \A.J. Anut., 156, 177-183.) 


them. These studies have confirmed the presence of 
ligaments traversing the foramina (Rauschning, 1987; 
Giles, 1992; Nowicki and Haughton, 1992a), although 
sections have not given detailed information on the 
exact topography of the ligaments. One limitation of 
this technique is that no single orthogonal plane of 
section gives a clear picture of the three-dimensional 
relationships of the ligaments. Reconstruction tech- 
niques are needed to make sectional studies more 
informative. Histological studies, on the other hand, 
give valuable information needed to answer some of 
the questions that have been raised on the nature of 
these ligaments. 

Giles et al. (1991) developed a technique 
whereby ligaments identified by sectional anatomic 
study of thick sections could be removed and re- 
embedded for histological study. This enabled 
detailed microscopic studies of these structures to 


be carried out (see Chapter 3) Giles (1992) studied 
26 blocks of L4/L5 and 26 blocks of L5/S1 inter- 
vertebral canals cut from 13 bisected spines by 
parasagittal sections. Another set of 32 blocks of 
L5/S1 intervertebral canals, cut from 16 spines, 
were also cut horizontally for histological study. The 
depth of ligaments within the exit zones of the 
L4/L5 and the L5/S1 intervertebral canals was calcu- 
lated by viewing serial sections of known thick- 
nesses to see in which section the first, and last, 
fibres of the ligament were noted. The length and 
width of the ligaments were measured using a 
calibrated scale and a known magnification of a Wild 
photomacroscope. In 16 out of 26 (61%) sagittally 
cut L4/L5 intervertebral canals and in 25 of the 58 
(43%) sagittally and horizontally cut L5/S1 inter- 
vertebral canals, he was able to confirm the pres- 
ence of ligaments. He stressed that the ligaments did 
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not compromise the large neural structures. At the 
L4/L5 level the length of the horizontal (mid- 
transforaminal) ligament in parasagittal sections 
ranged from 3.1 to 9.8mm (with a mean of 5.7 mm). 
Its width ranged from 0.4 mm to 1 .9 mm (with a 
mean of 1.1 mm). The ligament was placed at a 
depth of 1.0- 3. 0 mm (mean 1. 8 mm) from the 
outer margin of the intervertebral foramen. Morpho- 
metric study of the ligament at the L5/S1 level 
showed that its dimensions and depth were similar 
to the ligament at L4/L5 level. Measurements of the 
ligaments in horizontal sections confirmed gross 
anatomic observations that the ligaments varied 
markedly in the extent to which they were devel- 
oped in different individuals. 

Thin sections of the horizontal mid-transforaminal 
ligament showed it was made, mainly, of regularly 
arranged collagenous fibres, with some elastic fibres 
interspersed among the collagenous fibres (Giles, 
1992). Blood vessels and nerves were seen within the 
ligament. The presence of a myelinated nerve within 
the ligament was beautifully illustrated. RhaJmi et al. 
(1993) have demonstrated that in all specimens of 
spinal ligamentous tissue they studied, blood vessels 
and collagenous fibres were associated with abun- 
dant neurofilament-protein-immunoreactive nerve 
fibres. These fibres tended to end as free nerve 
endings. The technique offers an additional tool for 
studying the detailed innervation of foraminal liga- 
ments. 


Radiological studies of the ligaments 
traversing the lumbar intervertebral 
foramina 

Hitherto, plain lateral radiographs of the lumbar spine 
have not demonstrated the ligaments of the inter- 
vertebral foramina because the normal, unossified or 
uncalcified, foraminal ligament cannot be visualized 
by either plain film radiography or conventional 
linear tomography. In studies of the corporotrans- 
verse ligament at the L5 intervertebral foramen, 
Church and Buehler (1991) showed that the superior 
soft tissue imaging capabilities of computerized 
tomography enabled the corporotransverse ligament 
to be well demonstrated under experimental condi- 
tions in cadaveric material. Their observations have 
been confirmed and extended by Nowicki and 
Haughton (1992b) who studied 114 neural foramina 
at 57 spinal levels by axial and parasagittal computer- 
ized tomography (CT) and 27 neural foramina by 
magnetic resonance (MR) imaging. The supraspinal, 
and paraspinal muscles of their specimens were 
completely removed by sharp dissection before 
imaging. They were able to visualize ligaments at all 
five lumbar levels by computerized tomography. The 
attenuation coefficients of the ligaments were similar 


to those of the intervertebral disc and the liga- 
mentum flavum. In the parasagittal CT images most 
of the bands were found in the lateral aspects of the 
neural foramina. They stressed that the accuracy of 
CT in depicting the foraminal ligaments depended on 
the size and shape of the ligaments, and the imaging 
plane used. Axial MR images also showed bilateral 
ligaments at all lumbar levels. The origins of the 
ligaments from the posterolateral margins of the 
intervertebral discs, or vertebral body, and insertions 
into the superior articular process, transverse proc- 
ess, or pedicles, could be easily identified. Parasagittal 
MR images showed the ligaments to be linear or 
curvilinear. Their evidence did not suggest that the 
ligaments caused entrapment of the neural or vas- 
cular structures. The ligaments had a signal intensity 
lower than that of the adjacent fat. The signal 
intensity was similar to those of the intervertebral 
disc and the ligamentum flavum. Nowicki and 
Haughton (1 992b) clarified, however, that the CT and 
MR imaging techniques employed in this cadaveric 
study cannot be used for imaging patients. Further 
work was needed to develop the technique for use in 
clinical imaging. 


Role of the foraminal ligaments in 
the production of low back pain 


The weight of morphological, histological and clin- 
ical evidence suggests that these ligaments are 
normal structures which play a role in the function of 
the lumbar spine. Nevertheless, like other normal 
structures in the body, they are subject to structural 
variations or pathological change. Under these 
altered conditions they may either produce pain, or 
predispose to pain. 

There are two main mechanisms by which foraminal 
ligaments can contribute to low back pain. These are: 

1. Inflammatory: activation of fine, non-myelinated 
pain endings as a result of local tissue distortion 
or release of chemical irritants following 
inflammation. 

2. Mechanical: direct pressure on the neural com- 
plex giving rise to severe pain and paraesthesiae 
along the distribution of the nerve. 

Inflammatory 

Foraminal ligaments, like other fibrous tissue else- 
where, may become inflamed. The vasodilatation 
and oedema that accompany the inflammatory reac- 
tion will cause an increase in tissue pressure The 
effect of this will be the distortion of the various 
components of the ligaments (i.e. blood vessels, 
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neural elements and fibres). The walls of blood 
vessels, and the surrounding fat, are known to have 
free nerve endings and plexuses of non-myelinated 
nerves within them (Wyke, 1970, 1977, 1987; 
Maurice- Williams, 1981; Rhalmi et at., 1993) Distor- 
tion of these endings will give rise to pain. Fur- 
thermore, oedematous ligaments could exert pres- 
sure on neighbouring vessels. The venous structures 
are especially sensitive to pressure (Hoy land et at ., 
1989). 

The chemical irritants released by the inflamed 
tissue are also known to activate the nociceptive 
endings (Rydevik et at ., 1984; Jayson, 1987). Pain 
arising as a result of inflammation of the ligaments 
will usually be localized, except when the swelling 
is severe enough to cause pressure either on the 
neural complex or on its vessels; in this case, 
vascular impairment could cause nerve fibre dys- 
function and consequently produce radicular symp- 
toms (Rydevik et al., 1984; Watanabe and Parke, 
1986; Parke, 1991) Pain arising from acute inflam- 
mation will resolve once the inflammation is trea- 
ted. However, if the inflammation persists, then 
fibrosis, and possible contracture, of the ligaments 
could result in encroachment on foraminal contents, 
making the pain intractable 

Mechanical 

Foraminal ligaments may exert pressure on the neural 
complex in one of the following ways, namely: 

(a) Periradicular fibrosis 

(b) Malposition of the ligaments - congenital and 
acquired 

(c) Ossification of foraminal ligaments 

(d) Anomalies of the nerve trunks, e g. conjoint 
nerve roots 

(e) Entrapment of the dorsal root ganglion 
Periradicular fibrosis 

As discussed previously, the neural complex is 
suiTOunded by a fibrous sheath and fascial condensa- 
tions. These may be involved in inflammatory pro- 
cesses. A history of viral or bacterial meningitis, or 
invasive procedures (e g. myelography, spinal or 
epidural anaesthesia, laminectomy), or ischaemic 
pain may be antecedent. Post-inflammatory fibrosis of 
the connective tissue around the neural complex and 
spinal cord could result in (i) damage of the nerve or 
nerve roots (layson, 1987), or (ii) interruption of its 
arterial supply or venous drainage (Watanabe and 
Parke, 1986; Hoyland et al, 1989). Chronic pressure 
resulting from the fibrosis will not only activate 
nociceptive endings (especially in the dorsal root 
ganglion), but will also lead to intraneural ischaemia. 
This will aggravate intra- and extraneural fibrosis 


(Rydevik et al., 1984; Jayson, 1987) and produce 
chronic back pain associated with demyelination or 
axonal degeneration. 

Malposition of the ligaments 

Transforaminal ligaments are subject to marked varia- 
tion (Larmon, 1944; Golub and Silverman, 1969; 
Bachopand Ro, 1985;Janseer«/., 1985;Amonoo-Kuofi 
et al., 1988a; Amonoo-Kuofi et al., 1988b) If the 
ligament is placed in such a way as to encroach 
severely on the neural foramen, the resultant narrow- 
ing of the neural foramen may cause entrapment of the 
nerve (Magnusson, 1944; Golub and Silverman, 1969; 
Macnab, 1977; Nathan et al., 1982; Bachop et al., 
1985). This would lead to pressure on the nerve and 
its blood supply. The pain in such cases would mimic 
the pain produced by a prolapsed intervertebral disc 
associated with nerve root compression. 

Variation or malpositioning of the foraminal liga- 
ments could be congenital since these structures are 
normal components of the spine, but the onset of 
pain could be delayed till adolescence or adulthood, 
i.e. when the ligaments mature. Normally, the verte- 
bral column and its associated structures continue to 
undergo regeneration and remodelling throughout 
life (Oda et al, 1988). Peak changes take place in the 
third decade of life (Humzah and Soames, 1988; 
Amonoo-Kuofi, 1991, 1992, 1995). It has been shown 
from biomechanical studies that the strength of the 
spine (and presumably the extent of maturation 
attained by its associated ligaments) is determined, 
partly, by the amount of physical activity undertaken 
(Porter et al., 1989). It is, therefore, possible that 
pressure symptoms due to a maldeveloped foraminal 
ligament could be delayed until the ligaments mature. 
Strong and physically active individuals who are 
genetically predisposed, would have a higher risk of 
developing symptoms in the third decade of life, if 
not earlier. 

Acquired malpositioning of foraminal ligaments, 
due to reduction or loss of intervertebral disc height, 
could affect ligaments that are transarticular, i.e. the 
superior and inferior corporotransverse ligaments of 
the upper lumbar levels, the L5 corporotransverse 
ligament, and the lumbosacral hood Reduction or 
loss of intervertebral disc space, could result from 
isolated disc resorption (Crock, 1970; Venner and 
Crock, 1981), age-related changes (Vernon-Roberts 
and Pirie, 1977; Twomey and Taylor, 1985; Amonoo- 
Kuofi, 1991) or disc surgery. Descent of the vertebra 
can cause changes in the position of the trans- 
articular ligaments At the upper four lumbar levels, 
the corporotransverse ligaments form the boundaries 
of the neural foramen. The integrity of the inter- 
vertebral disc ensures that the neural opening alters 
its shape during movement to accommodate the 
nerve. This function will be impaired when the disc 
space is compromised. At the fifth lumbar level, the 


Copyrighted Material 



130 Clinical Anatomy and Management of Low Back Pain 


ventral ramus is at increased risk of entrapment and 
compression because it passes between the L5 
corporotransverse ligament and the ala of sacrum. 
Isolated disc resorption is most common at the L5 -SI 
junction. Venner and Crock (1981) demonstrated 
that, in this condition, the symptoms were similar to 
those of prolapsed disc, although the cause of the 
nerve root compression was not clear. 

Ossification of the foraminal ligaments 

This appears to be a rarer cause of encroachment and 
entrapment of the contents of the intervertebral 
foramen. Nevertheless, it should be considered in the 
differential diagnosis. The only reported case of 
ossification of a transforaminal ligament was brought 
by Golub and Silverman (1969). The ossified ligament 
was the right corporotransverse ligament at the 
lumbosacral level. The nerve root emerged below the 
ossified ligament. During flexion of the hip, the nerve 
would not only glide under the ossified ligament, but 
it would also be exposed to the risk of entrapment. 
Pain could result from attrition or entrapment. 

Vascular impairment from ossified ligaments is less 
likely, since the relationship between ossified liga- 
ments and vessels would remain unchanged during 
movement. 

Conjoint nerve roots 

The space in the neural foramen is normally adequate 
for the segmental nerve (Amonoo-Kuofi et al. , 
1988a, b) Anatomical variations have been described 
in which contiguous nerve roots may be conjoined 
intrathecally (Ethelberg and Riishede, 1952; Post- 
acchini et al., 1982; Hasue et al., 1983; Kadish and 
Simmons, 1984; Hasue et al., 1989; Philips and Park, 
1993). The incidence of conjoint roots is estimated to 
be between 4% and 14% (Kadish and Simmons, 
1984). The conjoined nerve roots either separated 
just before leaving the vertebral canal or they 
remained conjoined and left the vertebral canal, 
through one neural foramen (Hasue et al., 1983; 
Kadish and Simmons, 1984). If this happens, the 
exiting conjoint nerve root would be disproportion- 
ately larger than the space available. This would result 
in compression of the nerve with radicular symp- 
toms. 

Entrapment of the dorsal root ganglion 

The dorsal root ganglia are exquisitely sensitive to 
mechanical pressure. Evidence suggests that they are 
an important anatomic factor in the pathophysiology 
of pain (Cohen et al., 1990). Compression of these 
structures, unlike mechanical pressure in other parts 
of the spinal nerve root, induces prolonged electrical 
activity (Howe et al., 1977; Rydevik et al., 1984; 
Cohen et al., 1990) (see Chapter 16). Their size and 


anatomical location may, therefore, have relevance in 
the differential diagnosis of lumbosacral pain dis- 
orders (Cohen et al., 1990). Hasue et al. (1989) 
showed that in 8.4% of 144 subjects they studied, the 
dorsal root ganglion at the L5 level was extra- 
foraminal. Since the diameter of the ganglion is 
normally greater than that of the ventral root (Cohen 
et al., 1990), the likelihood of entrapment and 
compression by the corporotransverse ligament was 
high. Saal et al. (1988) suggested that chronic 
pressure on the dorsal root ganglion would lead to an 
increase in the release of the pain neurotransmitter, 
substance P, from the dorsal root ganglion. This 
would be passed to the point of entry of the dorsal 
root in the spinal cord. The result of this would be an 
increased sensitivity of the dorsal root ganglion and 
the nerve root to any stimulus, whether painful or 
not. 
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Blood supply of lumbosacral vertebrae, spinal 
cord, nerve roots and ganglia 

Hidezo Yoshizawa and Henry Vernon Crock 


Arterial supply of the lumbosacral 
spine 


The lumbosacral spine is nourished by lumbar 
segmental arteries which arise in pairs from the 
posterior wall of the abdominal aorta and from the 
median sacral artery which arises from the back of 
the aorta just above its bifurcation and by branches 
from both iliac arteries (Figure 8.1). Lumbar segmen- 
tal arteries pass laterally on each side remaining 
closely applied to the centre of the fronts and sides of 
the vertebral bodies until they reach the inter- 
vertebral foramina. In this part of their course the 
lumbar segmental arteries give off branches to the 
lumbar vertebral bodies (Figure 8.1). 

Each lumbar segmental artery gives off sets of bran- 
ches in relation to the vertebral body. The first of these 
are short centrum branches which penetrate vascular 
foramina at regular intervals, subjacent to the segmen- 
tal artery. The second are the longer ascending and 
descending branches which form dense networks on 
the fronts and sides of the vertebral bodies (Figure 
8. 2). Their terminal branches penetrate the bone in the 
area adjacent to each vertebral end-plate while other 
branches form fine vertical networks on the surface of 
the anterior longitudinal ligament and discs. 

At the level of the intervertebral foramina, but just 
outside them, each segmental artery divides into 
three major branches, 1) anterior (abdominal wall) 
branches, 2) intermediate (spinal canal) branches, 
and 3) posterior branches (Figure 8.3). 

Anterior (abdominal wall) branches 

They lie medial to and then behind the psoas muscles 
anterior to the lumbar plexus. Neural branches 



Figure 8.1 Origin and distribution of lumbar segmental 
arteries. (Reproduced with permission from Crock, H.V. and 
Yoshizawa, H. (1977). The Blood Supply of the Vertebral 
Column and Spinal Cord in Man. New York, Springer- 
Verlag.) 
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Figure 8.2 Short centrum branches (S) and a longer 
ascending branch (L) of lumbar segmental arteries. (Repro- 
duced with permission from Crock, H.V and Yoshizawa, H 
(1976). The blood supply of the lumbar vertebral column. 
Clin Orthop., 115, 6-21.) 


Figure 8.3 A schematic drawing of three major branches of 
the lumbar segmental artery: 1) anterior (abdominal wall) 
branch; 2) intermediate (spinal canal) branch; 3) posterior 
branch. 
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descend with each lumbar nerve. The abdominal wall 
branches pass laterally across the quadratus lum- 
borum, piercing the posterior aponeurosis of the 
transversus abdominis, to pass forwards between this 
and the internal oblique muscle. 


Intermediate (spinal canal) branches 

The intermediate branch divides into three subdivi- 
sions in the intervertebral foramen, (a) anterior spinal 
canal branches, (b) nervous system branches, and (c) 
posterior spinal canal branches. 

Almost immediately on entering the spinal canal, 
the anterior spinal canal branch bifurcates into an 
ascending and descending branch, the latter being 
closely related to the superior border of the pedicle 
of the lower vertebra at the interspace. Each 
ascending limb crosses the disc in its outer one third 
as it passes upwards to join the descending branch 
from the segmental lumbar artery above it, thus 



Figure 8.4 Distribution of anterior spinal branches of the 
lumbar segmental arteries on the anterior surface the 
spinal canal. (Reproduced with permission from Crock, 
H.V and Yoshizawa, H. (1977) The Blood Supply of the 
Vertebral Column and Spinal Cord in Man. New York, 
Springer Verlag.) 


forming an arcade system on the anterior wall of the 
spinal canal. 

The convexities of the right and left-sided arches 
are close together in the centre of each vertebral 
body (Figure 8.4). 

The calibre of posterior spinal canal branches is 
marginally smaller than the corresponding anterior 
spinal canal branches. They too are disposed in an 
arcuate pattern, though their branches form a more 
closely woven network on the anterior surfaces of the 
laminae and ligamenta flava, from which vessels 
penetrate each lamina. Usually a well marked central 
artery penetrates the base of the spinous process to 
run backwards towards its tip Unlike the main 
branches of the anterior arcuate system, those 
forming the posterior spinal arcuate system run a 
tortuous course (Figure 8.5). 

Nervous system branches include vessels nourish- 
ing the dura mater and radicular vessels accompany- 
ing the nerve root towards the spinal cord. 

The dorsal root ganglion is nourished by an 
independent branch. 



Figure 8.5 Distribution of posterior spinal branches of the 
lumbar segmental arteries on the posterior surface of the 
spinal canal. (Reproduced with permission from Crock, 
H.V. and Yoshizawa, H (1977) The Blood Supply of the 
Vertebral Column and Spinal Cord in Man. New York, 
Springer Verlag.) 
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Figure 8.6 Posterior branches of the lumbar segmental artery. (Reproduced with 
permission from Crock, H.V and Yoshizawa, H. (1976) The blood supply of the lumbar 
vertebral column. Clin. Orthop ., 115, 6-21.) 


Posterior branches 

These dorsal vessels cross each pars interarticularis 
and pass backwards in contact with the outer surface 
of the laminae They enter the sacrospinalis muscles 
and course medially and backwards, being applied 
closely to the middle of each spinous process, on the 
surface of which they form an open meshed plexus. 
The density of branches in the paraspinal muscles is 
such as to obscure the underlying simple design of the 
vascular arcades. Beautiful arterial arches form around 
the posterior vertebral (zygapophysial) joints, from 
which tributaries penetrate the outer surfaces of the 
laminae and the joints themselves. As these dorsal 
branches pass medially towards the spinous pro- 
cesses, they give off vertical branches which ascend 
and descend in the substance of the paraspinal 
(sacrospinalis) muscles. From the plexuses on the 
outer aspect of the laminae and the spinous processes, 
many fine arteries penetrate the bones (Figure 8.6). 

Intraosseous distribution of 
arteries and veins in the 
lumbosacral spine 


The centrum of the vertebral body is penetrated 
radially in the horizontal plane by small arteries 
derived from the abdominal portions of the lumbar 
arteries anterolaterally, and posteriorly by somewhat 
larger arteries derived from the arcuate branches of 


the anterior spinal canal division of the lumbar 
segmental arteries. An arterial grid is formed then in 
the centre of the vertebral body (Figure 8.7A), from 
which vertical branches ascend and descend in 
slightly tortuous paths toward respective vertebral 
end-plates, forming a brush border of arterioles 
which pass vertically into capillary beds in the 
vertebral end-plate. 

In coronal (Figure 8.7B) and sagittal sections 
(Figure 8.7C), contributions from the ascending and 
descending branches of the lumbar arteries and 
analogous branches from the anterior spinal canal 
arcuate arteries to the vertebral bodies can be seen; 
these, too, have their entry points orientated circum- 
ferentially around the vertebral bodies. However, as 
the branches which enter the anterolateral aspects of 
the body penetrate to the interior, their main stems 
form triangular wedge-shaped patterns viewed in 
both the coronal and sagittal planes, with apices near 
the junctions of the lateral and middle thirds, or 
anterior and middle thirds, of the vertebral body. 
From the sloping sides of these triangles, vertical 
branches turn upwards or downwards towards the 
vertebral end-plate areas (Figure 8.7C). 

A study of these intraosseous patterns in three 
dimensions suggests that the arterial grid in the 
centrum is concerned ultimately with the blood 
supply of the central third of the vertebral body and 
its respective central vertebral end-plates. The remain- 
ing segments of the vertebral end-plates are supplied 
anterolaterally by the vertical branches arising from 
the triangular water-shed described above, and poste- 
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Figure 8.7 (A) Transverse, (B) coronal and (C) sagittal 
sections of the lumbar vertebral body, showing intrin- 
sic arterial distribution (Reproduced with permission 
from Crock, H V and Yoshizawa, H. (1976) The blood 
supply of the lumbar vertebral column. Clin. Orthop., 
115, 6-21. Reproduced with permission from Crock, 
H V and Yoshizawa, H (1977). The Blood Supply of 
the Vertebral Column and Spinal Cord in Man. New 
York, Springer-Verlag.) 
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Figure 8.8 Central coronal (top), lateral cor- 
onal (bottom right) and transverse (bottom 
left) sections of lumbar vertebral bodies 
showing intrinsic venous distribution (Repro- 
duced with permission from Crock, H.V. and 
Yoshizawa, H. (1977). The Blood Supply of 
the Vertebral Column and Spinal Cord in 
Man. New York, Springer-Verlag Reproduced 
with permission from Crock, H.V. and Yoshi- 
zawa, H. (1976) The blood supply of the 
lumbar vertebral column. Clin. Orthop., 115, 
6 - 21 .) 
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riorly by the ascending and descending branches of 
the arcuate arteries on the anterior wall of the spinal 
canal. 


Basi-vertebral veins 


The basi vertebral system of veins is orientated 
horizontally in the centrum. It is arranged in the 
middle of the vertebral body along with the radiate 
arteries, forming a large scale venous grid into which 
the vertical veins of the vertebral body flow from 
above and below. The basi-vertebral veins converge 
posteriorly to drain into the anterior internal verte- 
bral venous plexus, sometimes as a single vein, 
sometimes as two separate tributaries. Anteriorly, 
they join the external vertebral venous plexus, of 
which the lumbar veins are intrinsic components. 

The main vertical venous channels are of large 
calibre and run gently tortuous courses They are 
formed by the confluence of numbers of equally large 
branches which enter the main stems obliquely, and at 
regular intervals, along their courses and around the 
circumferences. Individual branches themselves are 


formed of the union of innumerable short fine radicles 
(Figure 8.8). 

In the region of the vertebral body adjacent to the 
vertebral end-plate, large venous channels are found 
orientated horizontally and running parallel to the 
end-plate area when viewed in sagittal or coronal 
sections. This large venous channel (horizontal sub- 
articular collecting vein) is built up in the central area 
of the vertebral body by large calibre tributaries of the 
vertical veins of the centrum, which turn abruptly 
from their vertical courses to run horizontally, some 
passing anteriorly, others posteriorly, and still others 
laterally. In the posterior part of the vertebral body 
some of the tributaries from this horizontally ori- 
entated network run directly into the anterior internal 
vertebral venous plexus. Anteriorly and around the 
circumference of the vertebral body, tributaries of 
veins, draining directly into the external vertebral 
venous plexus, also contribute to the formation of the 
horizontal subarticular collecting vein system (Figure 
8.9). 

At the vertebral end-plate level, there is another 
vascular network of smaller calibre, orientated hor- 
izontally, which we have named the subchondral post- 
capillary venous network of the vertebral bodies. 



Figure 8.9 A sagittal section through the fifth lumbar vertebral body showing the horizontal subarticular collecting vein 
system of the vertebral body draining the subchondral post-capillary venous network. (Reproduced with permission from 
Crock, H.V and Yoshiz.awa, H (1976) The blood supply of the lumbar vertebral column. Clin. Orthop., 115, 6-21.) 
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Figure 8.10 Vascular buds in the bone disc junction draining into the subchondral post-capillary venous network, i. 
Intervertebral disc. 2. Capillary bed in vertebral end-plate cartilage. 3. Subchondral post-capillary venous network on the 
vertebral end-plate. 4. Vertebral end-plate perforated by short vertical venous tributaries. 5. Vertical tributary from the 
subchondral post-capillary venous network, draining to the horizontal subarticular collecting vein. 6 Horizontal subarticular 
collecting vein 7. Horizontal subarticular collecting vein joining the anterior internal vertebral venous plexus. 8. Basivertebral 
vein joining the anterior internal vertebral venous plexus, (Reproduced with permission from Crock, H.V. and Yoshizawa, H. 
(1976) The blood supply of the lumbar vertebral column. Clin Orthop., 115, 6-21.) 


Copyrighted Material 




142 Clinical Anatomy and Management of Low Back Pain 


Short vertical tributaries from this network drain 
into the horizontal subarticular collecting vein system. 
This subchondral post-capillary venous network 
receives tributaries at right angles to its plane of 
orientation from the vascular buds in the bone-disc 
junction (Figure 8.10). 


Venous drainage of the 
lumbosacral spine 


The venous blood from the lumbosacral spine drains 
into the external and internal vertebral venous 
plexuses. 

The external vertebral venous plexus is subject to 
many variations in the arrangements of its tributaries. 
Described in simplest terms, its main posterior 
branches form large veins which relate themselves to 
the sides of the spinous processes and course forward 
across the laminae on each side toward the inter- 
vertebral foramina. They coalesce outside the foram- 
ina with emerging intervertebral veins (Figure 8.11). 
Here, they are joined also by anteriorly directed veins 
which drain the body wall, the confluence forming 
segmental veins related to the sides of the vertebral 
bodies. In the lumbar region they are known as the 
lumbar veins, corresponding to the named arteries in 
this region, but are connected by a variable series of 
longitudinally directed channels, the ascending lum- 
bar veins and the lumbar azygos veins. 

The lower lumbar veins drain into the inferior vena 
cava (Figure 8.12), while the azygos systems in the 
chest drain into the superior vena cava and left 
brachiocephalic veins. From a functional point of 
view, these are important anastomoses between the 
external vertebral venous system and certain visceral 
veins such as the pelvic plexus and the renal veins. 

The internal vertebral venous plexus extends from 
the region of the sphenoidal clivus within the skull, 
where it anastomoses with the sinuses at the base of 
the skull, to the sacral region below. It is in two parts, 
the anterior internal vertebral venous plexus and the 
posterior internal vertebral venous plexus. Batson 
(1940) described the importance of its continuity 
with the prostatic plexus and noted its large capacity. 
When intra-abdominal pressure is high, venous blood 
from the pelvic plexus passes upward in the internal 
vertebral venous system. Likewise, when the jugular 
veins are obstructed, blood leaves the skull via this 
plexus. 

Both the anterior and posterior internal vertebral 
venous plexuses are arranged in an arcuate pattern 
overlying the sharply defined arterial arcades (Figure 
8. 13). The plexuses surround emerging nerve roots at 
the level of the intervertebral foramina and, just 
outside them, fuse with the segmental veins of the 
external vertebral venous plexus. 



Figure 8.11 A transverse section through the centre of a 
lumbar spinous process and lamina showing the distribution 
of the posterior branches of the lumbar vein system. 
(Reproduced with permission from Crock, H.V. and Yoshi- 
zawa, H. (1976) The blood supply of the lumbar vertebral 
column Clin. Orthop., 115, 6-21.) 



Figure 8.12 The external venous plexus on the surface of 
the lumbosacral spine. (Reproduced with permission from 
Crock, H.V. and Yoshizawa, H. (1977) The Blood Supply of 
the Vertebral Column and Spinal Cord in Man. New York, 
Springer-Verlag.) 
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Figure 8.13 The anterior internal venous plexus on the 
anterior surface of the lumbar spinal canal (Reproduced 
with permission from Crock, H.V and Yoshizawa, H. (1977) 
The Blood Supply of the Vertebral Column and Spinal Cord 
in Man. New York, Springer- Verlag.) 


Blood supply of meninges 


The vessels on the dural sac are very fine and 
usually not easily seen in life. They are, nonetheless, 
arranged in regular patterns. Just inside the spinal 
canal, fine branches from the segmental artery 
bifurcate to form a longitudinally orientated channel 
in the epidural space. From this channel, midway 
between adjacent nerve roots, main stem branches 
pass on to the side of the dural sac, running 
transversely backward toward the midline where 
they anastomose with corresponding arteries from 
the other side. These unnamed segmental arteries 
are joined into an open plexus on the side, and 
posterior surfaces of the dural sac by an irregular 
number of longitudinal branches (Figure 8.14). A 
similar pattern is found on the anterior surface of 
the dural sac, based on meningeal branches from 
the nerve root arteries. 


Figure 8.14 The arterial plexus of the back of the cervical 
dura mater. (Reproduced with permission from Crock, H.V 
and Yoshizawa, H. (1977) The Blood Supply of the Vertebral 
Column and Spinal Cord in Man. New York, Springer- 
Verlag.) 


Blood supply of the spinal cord 


The spinal cord, covered with the meninges, lies in 
the spinal canal below the measure of the upper line 
of the atlas. The cranial side of the spinal cord leads to 
the medulla oblongata in the foramen magnum. The 
location of the bottom of the spinal cord, that is, the 
conus medullaris, differs from child to adult. To be 
more exact, during fetal life, as the spine matures, the 
tip of the conus gradually moves cephalad. 

It proceeds up to as high as the third lumbar 
vertebra at birth, and continues to go upward during 
development up to the height of the upper part of the 
lumbar vertebra, until maturity. The filum terminale, 
which is a cord without nerve function, tethers the 
conus. The cervical and lumbar segments of the 
spinal cord supply the extremities. They are descri- 
bed as the cervical (C3-T2 spinal level) and lumbar 
enlargements (T10-T12 spinal level), respectively. 
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Anterior nerve root filaments, that is, centrifugal longitudinal arterial trunk of the spinal cord (anterior 

motor neurons, which come out of the anterior horn spinal artery), and (ii) paired posterolateral longitudi- 

of the spinal cord, and posterior nerve root filaments, nal arterial trunks of the spinal cord (paired posterior 
that is, centripetal sensory neurons, which go into spinal arteries), 
the posterior horn of the spinal cord, come out of the 



spinal cord with a certain vertical width to each 
other, and become one as a spinal nerve in the 
intervertebral foramen, and then move on distally. 
The nerve root inside the spinal canal, as it goes 
down, runs downward, leaning towards the outside 
as it’s target, the intervertebral foramen, moves 
downward. Thus, lumbosacral nerve roots in the most 
caudal part run down almost vertically to the 
applicable intervertebral foramen. Inside the lumbar 
thecal sac, many anterior and posterior nerve roots 
are bundled together, resembling the tail of a horse, 
hence its name the cauda equina (Figure 8.15). 

The spinal cord is fed by radicular arteries and 
veins which pass in and out of the intervertebral 
foramina along the nerve roots except for the upper 
cervical cord. Radicular arteries and veins which pass 
through the intervertebral foramina of the lumbosac- 
ral spine, run along the cauda equina to reach the 
lumbar enlargement of the cord (Figure 8.16). 

Three main arterial channels are formed on the 
surface of the spinal cord: (i) a single anterior median 


Figure 8.16 Arterial supply (top) and venous drainage 
(bottom) of the spinal cord. Anterior (left) and posterior 
(right) photographs of the spinal cord and the cauda equina. 
(Reproduced with permission from Crock, H.V. and Yoshi- 
/awa H. (1977) The Blood Supply of the Vertebral Column 
and Spina! Cord in Man New York, Springcr-Vcrlag.) 


Figure 8.15 The cauda equina nerve roots 
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Controversy surrounds the questions of the site 
and number of contributing branches to these three 
main arterial channels throughout the length of the 
spinal cord. 

Of the three sets of branches of each lumbar seg- 
mental artery which enter the spinal canal, the nerv- 
ous system branches arise from each segmental artery, 
just medial to the site of origin of the anterior spinal 
canal branches, but still outside the spinal canal. Anter- 
ior and posterior radicular arteries course upward 
reaching the superior edge of the adjacent nerve root, 
running along the dural nerve root sleeve for a short 
distance before penetrating it. The artery accompany- 
ing the anterior nerve root is of larger caibre than that 
accompanying the posterior nerve root (Figure 8.17). 

These radicular arteries, which vary considerably 
in size, join the anterior median longitudinal arterial 
trunk (anterior spinal artery) and the posterior 
longitudinal arterial trunks (posterior spinal arteries) 
of the spinal cord, respectively, at each segmental 
level of the vertebral column. 

Despite this demonstration, many authors still 
believe that only thick radicular arteries supply blood 



Figure 8.17 Intermediate (spinal canal) branches showing 
anterior (AS) and posterior (PS) spinal canal branches, 
anterior (AR) and posterior (PR) radicular arteries, and 
meningeal (M) branches 


to the spinal cord, and they have been called 
radiculomedullar arteries. The number and the loca- 
tion of these arteries differs among individuals. The 
average number of anterior radiculomedullar arteries 
is between five and six, and that of posterior 
radiculomedullar arteries is a little more. The per- 
centage of right and left is 40-60%, respectively. 
Among radiculomedullar arteries, the strikingly thick 
artery, which feeds the spinal cord in the large area 
that covers the lower thoracic cord and the conus 
medullaris, is called the great anterior radiculo- 
medullar artery (Adamkiewicz artery). In 80% of 
individuals this artery enters from the left, and in 85% 
the vessel enters along one of the nerve roots between 
T9 andT12. In 15% of people the artery enters along 
one of the nerve roots between T5 and T8 but they 
have other smaller radiculomedullar arteries entering 
the lower section of the spinal cord. 

When more is known about the control of blood 
flow in small radicular arteries, further revision of the 
nomenclature of spinal arteries such as the artery of 
Adamkiewicz will be required There may be many 
feeder arteries with diameters in neonates not less 
than 350 p,m, and in older age groups not less than 
450 pm, so that the significance of recognizing a 
single artery of Adamkiewicz may lose much of its 
currently imagined importance. 

The arteries of the spinal cord 

The spinal cord is penetrated around its circum- 
ference posteriorly by radially disposed arteries, 
branches of the posterolateral longitudinal arterial 
trunks (posterior spinal arteries) and of the pial 
plexus (Figure 8.18). Anteriorly, based on the anterior 
median longitudinal arterial trunk (anterior spinal 
artery), the cord is penetrated by a series of 
horizontally orientated central arteries. The number 
of these varies, being greatest in the cervical and 
lumbar enlargements. In the cervical area central 
arteries pass backward along a slightly oblique path, 
alternate branches usually passing to left and right 
just anterior to the central canal of the cord. Each 
branch then bifurcates to spread out laterally into the 
anterior column 

branches of a closely cropped leafless tree (Figure 
8.19). 

In the region of the lumbar enlargement, the 
central arteries are most numerous. They pass back- 
ward in the horizontal plane in slightly wavy courses, 
being somewhat longer than their counterparts in the 
cervical region (Figure 8.20). 

In the thoracic region, the central arteries are more 
widely spaced at their origins along the anterior 
median longitudinal arterial trunk (anterior spinal 
artery) of the cord. They course backward obliquely 
and break up into branches which form long ascend- 
ing and descending loops within the anterior horns of 
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Figure 8.18 A transverse section of the cervical spinal cord showing intrinsic arteries. 



Figure 8.19 A coronal section of a segment of the cervical 
spinal cord showing distribution of central arteries The 
section is cut just posterior to the bulbous anterior horns of 
gray matter (Reproduced with permission from Crock, H.V. 
and Yoshizawa, H. (1977) The Blood Supply of the Vertebral 
Column and Spinal Cord in Man New York, Springer- 
Verlag.) 
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Figure 8.20 A median sagittal section of the lumbar enlargement and conus medullaris showing numerous central arteries. ("Reproduced with permission from Crock, H. V. 
and Yoshizawa, H. (1977) The Blood Supply of the Vertebral Column and Spinal Cord in Man. New York, Springer-Verlag ) 
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Figure 8.21 A median sagittal (top) and a coronal section (bottom) of the thoracic cord showing central arteries more widely 
spaced. (Reproduced with permission from Crock, H V. and Yoshizawa, H. (1977) 'Ihe RLoocl Supply of the Vertebral Column 
and Spinal Cord in Man New York, Springer-Verlag.) 
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Figure 8.22 A transverse (top) and a median sagittal section (bottom) of the thoracic cord showing anterior and posterior 
median veins, the latter having no real arterial counterpart. (Reproduced with permission from Crock, H.V and Yoshizawa, H. 
(1977) The Bloocl Supply of the Vertebral Column and Spinal Cord in Man. New York, Springer- Verlag.) 
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Figure 8.23 A continuous intrinsic venous channel formed 
in the midline by confluence of anterior and posterior 
median veins. A median sagittal section from a segment of 
the thoracic spinal cord (top). The transverse (bottom left) 
and the sagittal (bottom right) sections show the relation- 
ship of the median anteroposterior venous channel of the 
spinal cord to the central canal. (Reproduced with permis- 
sion from Crock, H.V. and Yoshizawa, H. (1977) The Blood 
Supply of the Vertebral Column and Spinal Cord in Man 
New York, Springer-Verlag.) 


Figure 8.24 The anterior (top) and posterior (bottom) 
surfaces of the conus medullaris and the cauda equina 
showing arteries supplying them. (Reproduced with permis- 
sion from Crock, H.V., Yamagishi, M. and Crock, M.C. (1986) 
77)<- Conus Medullaris and Cauda Equina in Man. Wien, 
NewYork, Springer-Verlag.) 
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the cord, like grapevines after their leaves have fallen 
(Figure 8.21). 

In intramedullary arteries, their anastamosis does 
not exist apart from capillaries, although duplication 
control may be seen. 

Veins of the spinal cord 

The spinal cord is drained by radiate veins which 
accompany the entrant arteries. There are a number 
of major differences between the two systems of 
vessels. Large anterior and posterior median veins are 
found within it which have no arterial counterparts. 

The median veins, if separate, each bifurcate close 
to the central canal, collecting tributaries from both 
sides of the gray matter. In turn, the veins emerge 
onto the surface of the cord to join, respectively, the 
anterior median longitudinal venous trunk (anterior 
spinal vein), and the posterior median longitudinal 
venous trunk (posterior spinal vein). The other 
radiate veins join the venous pial plexus around the 
circumference of the cord (Figure 8.22). 

There is often a continuous venous channel formed 
in the midline of the cord between these anterior and 
posterior median veins which deviate to one side 
around the central canal of the cord, or cen- 
trodorsolateral venous anastomosis linking the anter- 
ior median spinal vein with veins on the posterolateral 
surface of the cord (Figure 8.23). However, the clinical 
meaning of these intramedullary venous anastomoses 
is not yet well understood. 

Blood supply of the nerve roots 
and ganglia 


Corbin (1961) described anatomical details of radicu- 
lar arteries and classified them into three groups, 
arteres radiculo-greles, arteres radiculo-piemeriennes, 
and arteres radiculo-medullaires. First, two arteries 
were named as distal and proximal radicular arteries 
by Parke et al (1981) and were thought to be 
nutrient arteries of the nerve roots. The dorsal root 
ganglion has its own nutrient arteries branching 
directly from the spinal segmental artery. 

Parke etal. (1981) describe each lumbosacral spinal 
nerve root as receiving its intrinsic blood supply from 
both distal and proximal radicular arteries, through 
which blood flows toward a mutual anastomosis in the 
proximal one-third of the root. They postulate that the 
region of relative hypovascularity formed below the 
conus by the combined areas of anastomoses in the 
cauda equina may provide an anatomical rationale for 
the suspected neuroischaemic manifestations con- 
current with degenerative changes in the lumbar 
spine. However, based on our studies, we hold a 
different view in that there is no area of hypovascu- 



Figure 8.25 The vascular network in the nerve root of a 
dog (scanning electron microscope photographs). 


larity in the region of the middle third of the cauda 
equina (Figure 8.24). We do not argue that the 
watershed stays in the blood stream of the radicular 
artery itself. Its fluid changes according to its posture, 
or the compression of the nerve root, so this 
watershed is not necessarily a weak point and the 
'watershed' of the radicular artery does not have any 
particular clinical meaning. In compression radiculop- 
athy, disorders of blood circulation in the area of the 
capillaries or venules, which control the nutrition of 
the nerve root, play a major role in radicular 
symptoms. Inside the nerve root, traversing capillaries 
which diverge from the radicular artery exist fully 
between funiculi, and the dense capillary network is 
formed along the total length of the nerve root (Figure 
8.25). Ifwe compare the intraradicular vascular plexus 
in the cauda equina with the intramedullary vascular 
plexus in the spinal cord at the level of the conus 
meduilaris, the vascular plexus of the nerve root is 
dense compared with the vascular plexus of the white 
matter of the spinal cord, but sparse compared with 
the vascular plexus of the gray matter. Generally, the 
gray matter of the dorsal root ganglion, where many 
nerve cells exist, is denser in blood vessels than in the 
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ganglion ant. root 


Figure 8.26 A transverse section of the conus meduliaris and the anterior nerve root (top).The vascular plexus of the nerve root 
is denser compared with the vasculature of the white matter of the spinal cord but sparse compared with the gray matter. The 
bottom shows a transverse section of the anterior nerve root and the dorsal root ganglion. The latter, where many nerve cells 
exist, is denser in its blood vessels than the nerve root. (Reproduced with permission from Yoshizawa. H., Kohayashi. $. and 
Hachiya.Y. (1991) Blood supply of nerve roots anddorsal root ganglia. Or t bop. Clin, of North Am. 22. 195-21 1.) 
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Figure 8.27 Scanning electron microscope photographs of the intraradicular capillary vessel. Ring-likc compressions (top), 
and traces of compression due to vascular endothelial cells (bottom), are seen. 
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white matter, nerve roots, or peripheral nerves, where 
nerve fibres alone exist, and also the blood flow 
volume is apparently larger (Figure 8.26). In the 
intraradicular capillary vessel, as in the brain or the 
spinal cord, many ring-like compressions, which the 
vascular sphincters may cause, and many traces of 
compression which the vascular endothelial cells may 
cause, are observed. This fact suggests that the motor 





Figure 8.28 Difference of capillaries in the nerve root 
(top), the dorsal root ganglion (middle) and the sciatic nerve 
(bottom). 


function of the vascular endothelial cell has something 
to do with the control of the bloodstream in the nerve 
root (Figure 8.27). 

Within the nervous system a blood -brain (nerve) 
barrier exists which sustains the homeostasis of the 
environment in the nerve. Benett et al. (1959) 
classified the capillary into the continuous capillary, 
the fenestrated capillary, and the discontinuous 
capillary, by the shape of the vascular endothelium. 
Capillaries of the central and peripheral nervous 
system, except the dorsal root ganglion, are con- 
tinuous capillaries. The area between the vascular 
endothelial cells is closed with tight junctions. 
Pinocytotic vesicles in the endothelial cell, which 
affect the transportation of substances, arefewand the 
blood - brain (nerve) barrier which controls the shift of 
substances in the blood into the nervous tissue can be 
seen. 

When we compare the nerve root and the periph- 
eral nerve below the spinal nerve, the peripheral 
nerve pericytes surround the circumference of the 
vascular endothelial cell densely, whereas in the 
nerve root pericytes are few, and in many parts the 
vascular endothelial cell directly leads to the endo- 
neurial space. In the nerve root, the tight junction 
closes the area between vascular endothelial cells but 
many pinocytotic vesicles are seen compared with 
the peripheral nerve, indicating that the transporta- 
tion of substances between the vascular lumen and 
the endoneurial space in the nerve root is relatively 
active (Figure 8.28). In short, the blood-brain (nerve) 
barrier of the nerve root is weak compared with that 
of the peripheral nerve. 

On the other hand, there are fenestrated capillaries 
which have about 70 nm diameter fenestra and 
continous capillaries which have gap junctions in the 
endothelium in the dorsal root ganglion. Thus, there 
is no blood -brain (nerve) barrier in the dorsal root 
ganglion. 
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Muscles and ligaments of the hack 

K.L. Moore 


Most muscles in the back are concerned with 
maintenance of posture and movements of the 
vertebral column (spine). Superficial muscular layers 
are concerned with movement of the upper limbs 
and ribs. 


Extrinsic back muscles 


The superficial layer of extrinsic muscles in the back 
(trapezius, latissimus dorsi, levator scapulae, and 
rhomboids) connect the upper limb to the vertebral 
column (Moore, 1992). These muscles are related to 
movements of the upper limb and, as a consequence, 
are not discussed in this chapter. Ventral rami of 
spinal nerves supply these muscles in spite of their 
location in the back. This unusual innervation of 
these muscles results from their embryonic migration 
to the back to obtain attachment to the vertebral 
column (Moore and Persaud, 1993). 

Deep to the limb muscles in the back there is a thin 
intermediate layer of extrinsic muscles. The serrati 
muscles move the ribs and are related to movements 
of the ribs and inspiration. The serratus posterior 
superior is a thin quadrilateral muscle that lies at the 
junction of the neck and trunk. It arises by a thin, 
broad aponeurosis from the inferior part of the 
ligamentum nuchae, the spinous processes (spines) 
of C7 and T1-T3 vertebrae, and the supraspinous 
ligament (Figure 9.1). This muscle runs inferolaterally 
to insert into the superior borders of the second to 
fourth (or fifth) ribs. The serratus posterior superior, 
innervated by ventral rami of the first four intercostal 
nerves, elevates the ribs. The serratus posterior 
inferior is broader than the superior muscle and is 
separated from it by about four ribs. This thin 
irregularly quadrilateral muscle lies at the junction of 
the thoracic and lumbar regions. The serratus poste- 
rior inferior arises by a thin aponeurosis from the 


spinous processes of the last two thoracic and the 
first two or three lumbar vertebrae, and from the 
supraspinous ligament. This muscle runs superolat- 
erally and attaches to the inferior borders of the 
inferior three or four ribs near their angles. The 
serratus posterior inferior, innervated by ventral rami 
of the ninth to twelfth intercostal nerves, draws the 
ribs inferolaterally. 



Figure 9-1 Lateral view of the ligaments of the cervical 
region of the vertebral column. (From Moore, K.L. and Agur, 
A M R (1996) Essential Clinical Anatomy. Williams & 
Wilkins, Baltimore.) 
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Intrinsic back muscles 


Underlying the superficial limb and intermediate 
respiratory musculature are the intrinsic or deep 
muscles of the back and posterior aspect of the neck. 
The deep back muscles (postvertebral muscles') 
consist of a complex group of muscles extending 
from the pelvis to the skull that maintain posture and 
control movements of the vertebral column and 
head. 

The deep muscles of the back are enclosed by 
fascia that attaches medially to the Ligamentum 
nuchae, the tips of the spinous processes of the 
vertebrae, the supraspinous ligament, and the 
median crest of the sacrum. The fascia attaches 
laterally to the cervical and lumbar transverse pro- 
cesses and to the angles of the ribs. The thoracic 
and lumbar parts of the deep fascia constitute the 
thoracolumbar fascia , which forms a thin fibrous 
covering for the deep muscles in the thoracic region 
and separates them from the superficial muscles that 
connect the upper limb to the vertebral column. In 
the lumbar region the thoracolumbar (lumbar) fascia 
forms a strong thick covering for these muscles. The 
thoracolumbar fascia plays an essential role in the 
function of the lumbar region of the vertebral 
column. In the lumbar region the thoracolumbar 
fascia can be divided into posterior, middle, and 
anterior layers. The posterior layer is a thick, fibrous 
covering that is attached to the spinous processes of 
the lumbar and sacral vertebrae and to the supraspi- 
nous ligament. 

The intrinsic back muscles are grouped according 
to their relationship to the surface. 

Superficial layer of deep muscles 

The splenius muscles (splenius capitis and splenius 
cervicis) are located on the lateral and posterior 
aspects of the neck and the posterior aspect of the 
upper thorax, somewhat like a bandage (G. splen- 
ion , bandage), which explains their name. The 
splenii lie directly under the trapezius muscles and 
are covered by the ligamentum nuchae and deep 
fascia. They arise from the ligamentum nuchae and 
the spinous processes from the seventh cervical to 
the sixth thoracic vertebrae. The muscle may be 
divided into two parts. The splenius cervicis 
extends superolaterally to the cervical vertebrae and 
the splenius capitis passes to the mastoid process of 
the temporal bone and the lateral third of the 
superior nuchal line of the occipital bone. The 
splenius muscles cover and hold the deep neck 
muscles in position (Figure 9.2A, Table 9.1). The 
splenius muscles also draw the head and neck 
posteriorly and rotate the head and neck so that the 
face moves toward the side of the muscle that is 


acting. When both muscles contract, they extend 
the head and neck. The splenius muscles are inner- 
vated by lateral branches of the dorsal rami of the 
second to fifth or sixth cervical nerves. 


Intermediate layer of deep muscles 

The erector spinae (sacrospinalis) is a massive and 
complex muscle that lies in a trough on each side of 
the spinous processes, and forms a prominent bulge 
on each side of the median plane. The erector spinae 
lies directly under the posterior layer of thor- 
acolumbar fascia and stretches from the sacrum to 
the skull (Figure 9. 2A, Table 9.1, see anatomical cross- 
section example: Figure 11.5. The erector spinae, the 
chief extensor of the vertebral column, begins 
inferiorly in a broad, thick aponeurosis. This tendi- 
nous origin is from the posterior aspect of the 
sacrum, the posterior part of the iliac crest, the 
lumbar spinous processes, and the supraspinous 
ligament. The muscular fibres can be divided into 
three vertical columns that are subdivided into parts 
according to their attachments: 

1. Iliocostalis muscle, lateral column 

• Iliocostalis lumborum 

• Iliocostalis thoracis 

• Iliocostalis cervicis 

2. Longissimus muscle, intermediate column 

• Longissimus thoracis 

• Longissimus cervicis 

• Longissimus capitis 

3. Spinalis muscle, medial column 

• Spinalis thoracis 

• Spinalis cervicis 

• Spinalis capitis 

See Table 9.1 for the attachments, nerve supply, and 
actions of these muscles. 


Deep layer of deep back muscles 

Deep to the erector spinae is an obliquely disposed 
group of muscles known as the transversospinal 
group (semispinalis, multifidus, and rotatores). This 
muscle group is so named because the fibres of most 
muscles extend superomedially from the transverse 
processes of vertebrae to the spinous processes of 
superior vertebrae. The semispinalis is superficial, the 
multifidus is deeper, and the rotatores are deepest 
(Figure 9.2B). The attachments, nerve supply, and 
actions of these muscles are described in Table 91. 

The semispinalis muscle, as its name indicates, 
occupies half the length of the vertebral column 
(Figure 9 2B). It is divisible into three parts - 
semispinalis capitis, semispinalis cervicis, and semi- 
spinalis thoracis. The semispinalis capitis covers the 
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Semlsplnails capitis 
Longlsslmus capitis 

lllocostalls cervlcis 
Longlsslmus cervlcis 
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thoracis 
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Splenius 
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Splenius 
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capitis 
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Rectus capitis 
posterior major 

Inferior oblique 
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Multifidus 


B 



Intertransversaril 



Figure 9-2 Intrinsic back muscles. (A). Erector spinae, 
splenius, and semispinalis. (B). Dissection of back showing 
transversospinalis. (C). Partial transverse section of the back. 
Note that the erector spinae muscle is formed by three 
columns, and that the transversospinalis muscle is com- 
posed of three layers. (From Moore, K.L and Agur, A.M.R. 
(1996) Essential Clinical Anatomy. Williams & Wilkins, 
Baltimore.) 
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Table 9-1 Intrinsic back muscles 


Muscles 

Origin 

Insertion 

Nerve supply 

Main actions 

Superficial layer 





Splenius 

Arises from ligamentum 
nuchae and spinous 
processes of C7-T3 orT4 
vertebrae 

Splenius capitis: Fibres run 1 

superolaterally to mastoid process of 
temporal bone and lateral third of 
superior nuchal line of occipital bone 
Splenius cervicis: Posterior tubercles of 
transverse processes of Cl -C3 or C4 
vertebrae 


Acting alone , they laterally 
bend and rotate the head 
to the side of the active 
muscles 

Acting together, they 
extend the head and neck 

Intermediate layer 





Erector spinae 

Arises by a broad tendon 
from the posterior part of 
iliac crest, the posterior 
surface of the sacrum, the 
sacral and inferior lumbar 
spinous processes, and the 
supraspinous ligament 

Iliocoslalis: lumborum, thoracis, and 
cervicis 

Fibres run superiorly to the angles of 
lower ribs and cervical transverse 
processes 

Lcmgissimus: thoracis, cervicis, and 
capitis 

Fibres run superiorly to ribs between 
tubercles and angles, to transverse 
processes in the thoracic and cervical 
regions, and to the mastoid process of 
the temporal bone 

Spinalis: thoracis, cervicis, and capitis 
Fibres run superiorly to spinous 
processes in the upper thoracic region 
and to the skull 

1 Dorsal rami of 

1 spinal nn.' 

Acting bilaterally, they 
extend the vertebral 
column and head. 

As the back is flexed they 
control the movement - by 
gradually lengthening their 
fibres 

Acting unilaterally, they 
laterally bend the vertebral 
column 

Deep layer 





Transversospinal 

Semispinalis arises from 
thoracic and cervical 
transverse processes 

Semispinalis: thoracis, cervicis, and 
capitis 

Fibres run superomedially and attach 
to the occipital bone and spinous 
processes in the thoracic and cervical 
regions, spanning four to six segments 


Extends the head and the 
thoracic and cervical 
regions of the vertebral 
column and rotates them 
contralaterally 


Multifidus arises from 
sacrum and ilium, 
transverse processes ofTl 
toT3, and articular 
processes of C4 to C7 

Fibres pass superomedially to spinous 
processes, spanning two to four 
segments 


Stabilizes vertebrae during 
local movements of the 
vertebral column 


Rotatores arise from 
transverse processes of 
vertebrae; best developed 
in thoracic region 

Pass superomediaUy and attach to the 
junction of the lamina and transverse 
process of the vertebra of origin or 
into the spinous process above, their 
origin spanning one or two segments | 


Stabilize vertebrae and 
assist with local extension 
and rotary movements of 
the vertebral column 

Minor deep layer 





Interspinales 

Superior surfaces of 
spinous processes of 
cervical and lumbar 
vertebrae 

Inferior surfaces of spinous processes 
of vertebrae superior to vertebrae of 
origin 

Dorsal rami of 
spinal nn. 

Aid in extension and 
rotation of vertebral 
column 

Intertransversarii 

Transverse processes of 
cervical and lumbar 
vertebrae 

Transverse processes of adjacent 
vertebrae 

Dorsal and 
ventral rami of 
spinal nn. 

Aid in lateral bending of 
vertebral column 

Acting bilaterally they 
stabilize the column 

Levatores costarum 

Tips of transverse 
processes of C7 andTl to 

T1 1 vertebrae 

Pass inferolaterally and insert on the 
rib between its tubercle and angle 

Dorsal rami of 
C8-T11 spinal 
nn. 

Elevate the ribs, assisting 
inspiration 

Assist with lateral bending 
of the vertebral column 


1 Most back muscles are innervated by the dorsaj rami of spinal nerves, but a few are innervated by ventral rami. The anterior 
intertransversarii of the cervical region are supplied by ventral rami. The levatores costarum were once said to be innervated by ventral 
rami, but current authors state that they are innervated by dorsal rami. (From Moore, K. L. (1992) Clinically Oriented Anatomy, 3rd edn, 
Williams & Wilkins, Baltimore) 
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semispinalis cervicis. The multifidus muscle extends 
throughout the length of the vertebral column, but is 
heaviest in the lumbar region. The multifidus is thick 
and prominent in the lumbopelvic region. It forms a 
large muscle mass between the lumbar transverse and 
spinous processes (see anatomical examples: Figures 
3.11, 11.). The rotatores muscles are the shortest 
members of the transversospinal group. 

There is a series of minor deep back muscles, the 
interspinalis muscles (interspinalis cervicis, inter- 
spinalis thoracis, and interspinalis lumborum) and the 
intertransversarii muscles (intertransversarii anter- 
ior cervicis, intertransversarii posterior cervicis, 
intertransversarii thoracis, and intertransversarii lum- 
borum). These intersegmental muscles connect one 
intervertebral segment with another and are named 
after the parts of the vertebra to which they attach. 
Their functions can only be presumed from their 
anatomical position (Table 9.1). 

The levatores costarum (12 on each side) repre- 
sent the posterior intertransversarius in the thoracic 
region. As their name indicates they elevate the ribs, 
assisting in inspiration. They also assist with lateral 
bending of the vertebral column. The attachments, 
nerve supply and actions of these muscles are 
described in Table 9.1 

The deep back muscles in the thoracic region are 
supplied by the dorsal branches of the posterior 
intercostal arteries , which are branches of the 
thoracic aorta. The deep back muscles in the lumbar 
region are supplied by the dorsal branches of the 
lumbar arteries, which are branches of the abdomi- 
nal aorta. 


Muscles producing movements of 
intervertebral joints 


The principal muscles producing movements of the 
cervical, thoracic, and lumbar intervertebral joints 
are summarized in Tables 9.2 and 9 3. 


Suboccipital muscles 


In the suboccipital region there is a triangular area 
called the suboccipital triangle between the occipi- 
tal bone and the posterior aspects of Cl (atlas) and 
C2 (axis) vertebrae. The suboccipital triangle lies 
deep to the trapezius and semispinalis capitis muscles 
(Figure 9 3). The contents of the suboccipital triangle 
are the vertebral artery and suboccipital nerve. The 
four small muscles in the suboccipital region, two 
rectus capitis posterior and two obliquus capitis, are 
innervated by the dorsai ramus of Cl, the sub- 
occipital nerve. The suboccipital muscles are mainly 
postural muscles, but they also help to move the 
head. The actions of the suboccipital group of 
muscles is to extend the head on Cl vertebra and 
rotate the head on Cl and C2 vertebrae (Tables 9.4 
and 9 5). 

• Rectus capitis posterior major arises from the 
spinous process of C2 vertebra and inserts into the 
lateral part of the inferior nuchal line and the 
occipital bone. 


Table 9-2 Principal muscles producing movements of the cervical intervertebral joints 


Flexion 

Extension 

Lateral bending 

Rotation 

Bilateral action of: 

Bilateral action of: 

Unilateral action of: 

Unilateral action of: 

l.ongus coli 

Scalene 

Sternocleidomastoid 

Splenius capitis 
Semispinalis capitis 
and cervicis 

Iliocostalis cervicis 

Longissimus capitis and cervicis 
Splenius capitis and cervicis 

Rotatores 

Semispinalis capitis and cervicis 
Multifidus 

Splenius cervicis 

Table 9-3 Principal muscles producing movements of the thoracic and lumbar intervertebral joints 

Flexion 

Extension 

Lateral bending 

Rotation 

Bilateral action of: 

Bilateral action of: 

Unilateral action of: 

Unilateral action of: 

Rectus abdominis 
Psoas major 

Gravity 

Erector spinae 

Multifidus 

Semispinalis thoracis 

Iliocostalis thoracis and lumborum 
Longissimus thoracis 

Multifidus 

External and internal oblique 
Quadratus lumborum 

Rotatores 

Multifidus 

External oblique acting synchronously 
with the opposite internal oblique 
Semispinalis thoracis 
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Inferior nuchal line 


Occipital artery 

Greater occipital nerve 

Semisplnalls capitis 
Splenius 
Trapezius 


Superior oblique 


Posterior atlantooccipital 
membrane 
Vertebral artery 

Transverse process Cl 

Spinal ganglion C2 


Transverse process C2 


Inferior oblique 
Semisplnalls cervicis 


Semispinalis 

capitis 


Rectus capitis 


Superior nuchal line 


Rectus capitis 
posterior minor 


Figure 9-3 Muscles in suboccipital region. The trapezius, sternocleidomastoid, splenius, and semispinalis capitis muscles 
have been removed to expose the suboccipital muscles in the suboccipital triangle. (From Moore, K.L. andAgur, A M R. (1996) 
Essential Clinical Anatomy. Williams & Wilkins, Baltimore.) 


Table 9 .4 Principal muscles producing movements of the atlantooccipital joints 


Flexion Extension 

Lateral bending 

Longus capitis Rectus capitis posterior major and minor 

Rectus capitis anterior Obliquus capitis superior 

Anterior fibres of Semispinalis capitis 

sternocleidomastoid Splenius capitis 

Lortgissimus capitis 

Trapezius 

Sternocleidomastoid 

Obliquus capitis superior and inferior 
Rectus capitis lateralis 

Longissimus capitis 

Splenius capitis 

Table 9.5 Principal muscles producing rotation at the atlantoaxial joints 1 

Ipsilateral 2 

Contralateral 

Obliquus capitis inferior 

Rectus capitis posterior, major and minor 

Longissimus capitis 

Splenius capitis 

Sternocleidomastoid 

Semispinalis capitis 

' Rotation is the specialized movement at these joints. Movement of one joint 
z The same side to which the head is rotated. 

involves the other. 
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• Rectus capitis posterior minor arises from the 
posterior arch of Cl vertebra and inserts into the 
medial part of the inferior nuchal line. 

• Obliquus capitis inferior arises from the spinous 
process of C2 vertebra and inserts into the 
transverse process of Cl vertebra. 

• Obliquus capitis superior arises from the trans- 
verse process of Cl vertebra and inserts into the 
occipital bone between the superior and inferior 
nuchal lines. 

The suboccipital muscles form the boundaries of the 

suboccipital triangle and its floor and roof: 

• Superomedially - rectus capitis posterior major 

• Superolaterally - obliquus capitis superior 

• Inferolaterally - obliquus capitis inferior 

• Floor - posterior atlantooccipital membrane and 
posterior arch of Cl vertebra 

• Roof - semispinalis capitis 


Ligaments of the back 


The bodies of the vertebrae are held together by 
intervertebral discs and by anterior and posterior 
longitudinal ligaments (Figure 9.4). 

The intervertebral discs consist of an anulus 
fibrosus composed of concentric lamellae of fibro- 
cartiJage, which surrounds a gelatinous and highly 
elastic nucleus pulposus (Figure 9.4A). The fibres of 
the anulus fibrosus insert into the smooth, rounded 
epiphyseal rings on the articular surfaces of the 
vertebral bodies. Greater stability is achieved because 
the fibres of each adjacent lamina of the anulus 
fibrosus pass in different directions, crossing each 
other like the limbs of the letter X (Clemente, 1985). 
There is no disc between Cl (atlas) and C2 (axis) 
vertebrae. The most inferior functional disc is between 
L5 and SI. The discs vary in thickness in different 
regions; they are thickest in the lumbar region and 
thinnest in the superior thoracic region. The discs are 
thicker anteriorly in the cervical and lumbar regions 
and more uniform in thickness in the thoracic region. 

The anterior longitudinal ligament is a strong, 
broad fibrous band that covers and connects the 
anterior aspects of the vertebral bodies and inter- 
vertebral discs. It extends from the pelvic surface of 
the sacrum to the anterior tubercle of Cl (atlas) and 
the occipital bone anterior to the foramen magnum. 
Its extension to the occipital bone may be referred to 
as the anterior atlantoaxial ligament. The anterior 
longitudinal ligament broadens as it descends and is 
slightly thicker over the vertebral bodies than over 
the discs. This ligament maintains the stability of the 
joints between the vertebral bodies and helps pre 
vent hyperextension of the vertebral column. 

The posterior longitudinal ligament is a narrower, 
somewhat weaker band than the anterior longitudinal 


ligament. It is thicker in the thoracic region than in 
the cervical and lumbar regions. The posterior 
longitudinal ligament lies within the vertebral canal 
along the posterior aspect of the vertebral bodies (see 
anatomical example: Figure 3.5). It is continuous 
superiorly with the tectorial membrane. It is 
attached to the intervertebral discs and the posterior 
edges of the vertebral bodies from the C2 vertebra 
(axis) to the sacrum. This ligament helps prevent 
hyperflexion of the vertebral column and posterior 
protrusion of the discs. 

The ligamenta flava join the laminae of adjacent 
vertebral arches from the C2 vertebra to the first 
segment of the sacrum (Figure 9.4A) (see anatomical 
and histological examples: Figures 3 5, 3 9, 3.11, 3.14 
and 5.11). These broad elastic ligaments extend 
almost vertically from the lamina above to the lamina 
below The ligamenta flava are thickest in the lumbar 
region. These ligaments help to preserve the normal 
curvature of the vertebral column and to straighten 
the column after it has been flexed. They also serve to 
preserve the upright posture. 

Adjacent spinous processes are joined by weak 
interspinous ligaments (Figure 9.4B). The ligaments 
are thin, membranous bands that connect adjoining 
spinous processes. Their attachments extend from 
the roots to the apices of the spinous processes. They 
meet the ligamenta flava anteriorly and the supraspi- 
nous ligament posteriorly (see anatomical example: 
Figure 3 5). They are narrow and elongated in the 
thoracic region and broad, thick, and quadrilateral in 
the lumbar region. 

The strong, cord-like supraspinous ligament mer- 
ges superiorly with the ligamentum nuchae, the 
median ligament of the neck. The supraspinous 
ligament is thicker and broader in the lumbar region 
than in the thoracic region. 

The ligamentum nuchae is a strong, fibroelastic 
membrane that is attached to the tips of the spinous 
processes of the cervical vertebrae (Figure 9 1). It 
corresponds to the supraspinous ligament of the 
vertebrae in the thoracic and lumbar regions. 
Because of the shortness of the C3-C5 spinous 
processes, the ligamentum nuchae substitutes for 
bone in providing muscular attachments for the 
splenius muscles (Table 9.1). 

The intertransverse ligaments , connecting adja- 
cent transverse processes (Figure 9.4B), consist of a 
few scattered fibres in the cervical region but form 
rounded cords in the thoracic region. In the lumbar 
region they are thin and membranous but more 
substantial. 

The costotransverse ligament is a broad band of 
short fibres that connects the posterior aspect of the 
neck of a rib with the anterior surface of the adjacent 
transverse process. 

The lateral costotransverse ligament passes obli- 
quely from the apex of the transverse process to the 
non-articular part of the tubercle of the rib. 
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Ligamentum 

flavum 


Posterior 

longitudinal 

ligament 


Nucleus pulposus 
Anulus fibrosus 

Superior costotransverse 
ligament 


Inter- 

vertebral- 

disc 


Radiate ligament 

Anterior longitudinal 
ligament 



Intervertebral 

disc 


Articular 
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zygapophyslaJ 
Joint 
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Intersplnous 
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Supraspinous ligament 
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(cut) 


Posterior longitudinal 
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Figure 9.4 Ligaments of vertebral column. (A). Anterior view. 
Pedicles of upper vertebrae have been sawn through and their 
bodies have been removed. A rib and its costovertebral joint and 
associated ligaments are illustrated. (B). Dorsolateral view of two 
articulated thoracic vertebrae and their associated ligaments. The 
vertebral arch of the upper vertebra has been removed. (From 
Moore, K.L. and Agur, A.M.R. (1996) Essential Clinical Anatomy. 
Williams & Wilkins, Baltimore.) 
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The superior costotransverse ligament is a broad 
band of fibres that ascends laterally from the crest of 
the neck of a rib to the inferior border of the superior 
transverse process (Figure 9.4A).The radiate ligament 
consists of a band of fibres attaching the head of the 
rib to the costal facets of the thoracic vertebra] 
bodies; a central band attaches the rib head directly 
onto the intervertebral disc (Figure 9.4A). 


Surface anatomy of back muscles 


In the median plane of the back there is a posterior 
median furrow that ends superiorly at the junction 
of the neck and scalp and inferiorly at the base of the 
sacrum. The furrow is deepest in the lower thoracic 
and upper lumbar regions. 

Most of the cervical spinous processes are short and 
deep but the seventh cervical spinous process is long 
and easily palpable and visible, especially when the 
neck is flexed. Because of its prominent spinous 
process, C7 is referred to as the vertebra prominens 
(Figure 9.1). 


All the thoracic spinous processes can be palpated. 
The tips of the lumbar spinous processes may be 
indicated by pits or depressions in the posterior 
median furrow. The erector spinae forms a prominent 
vertical bulge on each side of the furrow. The bulge is 
especially large in the lumbar region and the lateral 
margin of the muscle is indicated by a shallow groove 
about 10 cm lateral to the median plane. The highest 
point of the iliac crest indicates the level of L4 
vertebra 
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Biomechanics of the lumbosacral spine 

MarkJ. Pearcy 


Introduction 


The lumbar spine provides a strong flexible link 
between the pelvis and thorax. It is a very complex 
structure that sustains large loads whilst providing 
considerable mobility to the trunk. Our upright 
posture frees the arms for manipulating tools and 
objects but this results in quite substantial forces 
being generated in the lumbar spine. A major part of 
these forces is produced by the spinal muscles 
themselves. They act on relatively short lever arms to 
counterbalance the moments produced by lifting 
objects and hence develop large compressive forces 
across the intervertebral joints. Many episodes of 
back pain are thought to have some component of 
mechanical overload or fatigue in their origin and so 
the study of spinal mechanics has great potential for 
illuminating the function of the spine and what loads 
might be acceptable before mechanical damage 
results. 

The purpose of this chapter is not to give a detailed 
review of the spinal mechanics literature, which is 
covered comprehensively by White and Panjabi 
(1990), but to look at how the study of spinal 
mechanics has developed and to highlight the current 
understanding of how the back works mechanically. 
The literature quoted in this chapter is also not 
exhaustive but is designed to provide a starting point 
for research into the many areas of study of the 
mechanics and modelling of the spine. In addition, the 
aim is to indicate the directions that those involved in 
spinal research and modelling are heading in. 

Knowledge of how a structure functions under 
certain conditions enables mathematical models to be 
developed which can then be used to predict how 
the structure will behave in different situations. Data 
from the literature on the mechanical properties of 
the individual elements of the spine can be combined 
with anatomical details of their morphology and 
connections to one another to provide a mathemat- 
ical description of the spine. However, the accuracy 


of prediction from models produced in this way will 
only be as good as the information used to build 
them. If the information is incomplete, then the 
model can only be expected to be approximate and 
may only predict part of the back’s behaviour, or give 
entirely erroneous information. 

Development of spinal 
biomechanics 


Interest in the mechanics of the spine can be traced 
back to ancient times from documents that describe 
how forces could be applied to the trunk to correct 
spinal deformities. The origins of modern concepts of 
spinal mechanics were in the 1950s with two 
different approaches investigating different aspects of 
the effects of loads on the spine 
Shortly before this the medical fraternity had 
described the pathological entity' of the prolapsed 
intervertebral disc (Mixter and Barr, 1934). It was 
assumed that compressive overload on the inter- 
vertebral joint was responsible for causing the disc to 
prolapse but mechanical tests on intervertebral joints 
in the laboratory were unable to produce these lesions 
with axial compression (Perey, 1957). Fractures of the 
end-plates were produced but not herniation of the 
nucleus pulposus through the anulus fibrosus. The 
conclusion from this was that pure compression was 
not responsible for prolapse of the intervertebral 
discs, and other factors must be involved. It was not 
until the early 1980s that studies subjecting inter- 
vertebral joints to hyperflexion, combined with 
compression, produced these lesions in the laboratory 
(Adams and Hutton, 1 982). It has also been shown that 
repetitive loading is most probably responsible for this 
type of lesion, causing what can be described as a 
fatigue failure of the anulus providing a channel 
through which the nucleus can migrate (Adams and 
Hutton, 1985). From these studies it is apparent that 
the intervertebral joints exhibit complex character- 
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Weight lifted 
(90 Kg) 



IMo = 0 F m = 8136 N 

XFv = 0 Rsin9 = 7904 N 
XFh = 0 RcosG = 4662 N 

6 = 59° 

R = 9179 N 


Figure 10.1 A diagram showing a simple lever arm system for the calculation of forces 
in the back during lifting. 


istics and their mechanics have been, and still are 
being, studied extensively 
At the same time that Perey (1957) was discovering 
that the disc could not be caused to prolapse with the 
application of compressive force to the intervertebral 
joint, other groups were looking at the body as a 
whole. Principles of mechanics for static bodies were 
used to estimate the forces in the lumbar spine, 
considering the body as a simple lever system. Such 
analyses as that shown in Figure 10.1 were performed 
to calculate the muscle force and the consequent 
compressive force on the lumbosacral junction for a 
weight-lifter lifting 90 kg. This analysis indicates that, 
to counteract the moment of the weight being lifted 
together with body weight, which act on relatively 
long lever arms, the muscles acting on a much shorter 
arm would be required to produce a force of over 
8000 N. This would produce a compressive force at 
the lumbosacral joint of over 9000 N. The muscle 
force required is probably higher than the muscles 
can produce and the compressive load is likely to 
crush the vertebrae (Brinckmann et al., 1989). This 
being the case, it became obvious that such a simple 
model was not sufficient to describe the behaviour of 
the spine, and a search began for other physiological 
mechanisms that might reduce the forces. 


Intra-abdominal pressure 

The concept that the development of pressure in the 
abdominal cavity might be such a mechanism was 
described by Bartelink (1957) following observations 
that this pressure rose as the weight being lifted was 
increased. This theory was developed further by 
Morris et al. (1961). Intra-abdominal pressure is 
produced by contraction of the abdominal muscles. It 
is worth pointing out that, in their analyses, Morris et 
al. (1961) included the effect of the abdominal 
muscles acting to flex the spine during their contrac- 
tion to produce an increase in intra-abdominal 
pressure. Hence the additional force shown in Figure 
10.2 acting on the diaphragm assisting the back 
muscles to produce an extensor moment, is the net 
force produced by intra-abdominal pressure acting on 
the diaphragm and pelvic floor, minus the action of 
the oblique and longitudinal abdominal muscles 
acting to flex the spine. The resultant force required 
from the back muscles is reduced and, as a con- 
sequence, so is the compressive force. Intra-abdomi- 
nal pressure appears to be a real mechanism but the 
forces do not always resolve this well and, indeed, 
even in this example, the required muscle force is still 
large. 



Weight lifted 
(90 Kg) 



IMo = 0 Fm = 6354 

XFv = 0 Rsinfl = 5781 N 
£Fm = 0 Rcos8 = 3179 N 


8 = 61° 

R = 6598 N 


Figure 10.2 A diagram showing the moderation of the forces in the back with the 
inclusion of intra-abdominal pressure. 
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Posterior ligamentous system and 
thoracolumbar fascia 

There was, and still is, some controversy about the 
true role of intra-abdominal pressure (Tesh et al., 
1987), so other mechanisms related to the complex 
anatomy of the trunk were proposed that might 
contribute to the strength of the back. The thor- 
acolumbar (or dorsolumbar) fascia was suggested to 
have a role in developing an extensor moment on the 
spine (Figure 10.3) (Fairbank and O’Brien, 1980; 
Gracovetsky et at, 1981). The fascia is tensed when 
the spine is flexed and can transmit forces from the 
pelvis to the thorax. Hence, if the spine is held flexed, 
the hip muscles can rotate the pelvis backwards with 
the posterior ligamentous system and fascia transfer- 
ring force to the thorax to provide an extensor 
moment about the lower back. The back must remain 
flexed for this mechanism to work and this has been 
observed not to be the case in all circumstances. To 
cope with this, an active role was subscribed to the 
fascia by virtue of its attachments to the abdominal 
muscles (Fairbank and O'Brien, 1980). The action of 
the transverse abdominals, in particular, was proposed 
to cause tension in the fascia laterally, which would 
produce an extensor moment by virtue of the oblique 
orientation of the fibres in the fascia. The fibres in the 
superficial lamina of the fascia run caudomedially, 
while those in the deep lamina run craniomedially, 
from the lateral raphe to the midline. This triangulate 
structure will contract axially acting to extend the 
spine when pulled on laterally by the abdominal 
muscles. However, later studies have shown that this 
mechanism can only act on one or two levels of the 
spine and does not provide a major component to the 
extensor moment (Macintosh and Bogduk, 1987a; 
Tesh etal , 1987; McGill and Norman, 1988). 

What these studies highlight is that there was a 
growing awareness that, in order to understand the 
mechanics of the back, a much more detailed 
knowledge of the anatomy and its mechanical struc- 
ture was required. This has led on to four areas of 
research: detailed descriptions of spinal anatomy, 
investigations of the mechanical characteristics of 


Intenplnout ligament (bifid) 



Figure 10.3 A diagrammatic representation of the thoraco- 
lumbar fascia. (Redrawn after Fairbank and O'Brien, 1980.) 


spinal structures, measurements of physiological 
function, and modelling studies that begin to inte- 
grate all of the information from the other three. 

Anatomy 


The startling feature about the anatomy of the spine is 
the order in its complexity. However, the standard 
anatomical texts neither describe the complexity 
required for mechanical modelling nor the organiza- 
tion of its structure. To be able to model the mechanical 
function of the spine it is essential to know the exact 
positions of the different elements in relation to each 
other, what the fibre orientation is in the ligaments and 
muscles, and where they are attached. Without this 
information it is not possible to model their mechanical 
function because it is impossible to determine what 
directions the forces that the ligaments and muscles 
produce will act in. Examples of where accurate data 
have become available only relatively recently will 
serve to highlight this problem, and indicate the detail 
required for accurate modelling. 

The fibre direction in the interspinous ligament 
was, for many years, described erroneously because 
of a figure that was reversed in an original text (Fick, 
1904; Heylings, 1978). This would have significant 
consequences and must be recognized when used in 
a mathematical model (McGill, 1988). 

The remarkable complexity and organization of the 
back muscles has only been revealed in the last 
decade through the meticulous work of an Australian 
anatomist and his students (Macintosh et al., 1986; 
Macintosh and Bogduk, 1987b, 1991; Bogduk et al., 
1992b; compiled in Bogduk and Twomey, 1991). In 
particular, their work has shown that each inter- 
vertebral level has complex muscular attachments 
(Figure 10.4). This implies that there may be control 
possible of individual intervertebral levels and casts 
doubt on models that combine muscle groups to give 
single large force components. In addition, a role 
other than motor function has been proposed for the 
small intersegmental muscles. These muscle are so 
small and so close to the centres of rotation of the 
intervertebral joints that they can have little mechan- 
ical effect. They are, however, in the ideal place to be 
sensors of joint position and motion (Bogduk, perso- 
nal communication). If these small muscles were 
primarily sensors then it would provide an explana- 
tion for the spasm that is sometimes seen in the back 
muscles. If one of the sensors was injured, its signals 
would be erroneous and would disturb the control 
functions of the other muscles, causing them to 
contract in an inappropriate manner. 

Modern imaging techniques of computer-aided 
tomographic radiography (CT radiography), and mag- 
netic resonance imaging (MR1), are providing new 
insights into the anatomy of the trunk (see for 
example: McGill et al., 1988; Singer etal., 1989;Tracy 
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Figure 10.4 Diagrammatic sketches of the muscular attach- 
ments to the third lumbar vertebra (A) Posterior view, (B) 
lateral view. (Redrawn after Bogduk el al., 1992a.) 


et al., 1989; Santaguida and McGill, 1995). However, 
care has to be taken in interpreting measurements 
taken from transverse sections of the trunk with 
these techniques to quantify muscle size and orienta- 
tion. The obliquity of the muscles must be recognized 
and taken into account, and there are muscles of the 
trunk that act across the lumbar spine but are only 
present as tendons across the lumbar region. 

Mechanical characteristics of 
spinal structures 


The literature abounds with laboratory studies of the 
mechanical characteristics of individual spinal liga- 
ments, intervertebral discs, vertebral bone and inter- 
vertebral joints. An introduction to this literature and 
a summary of information gleaned from it can be 
found in White and Panjabi’s excellent book ( Clinical 
Biomechanics of the Spine , 2nd edition, 1990). 

Many early experiments were conducted on pre- 
served or embalmed specimens and it has since been 
shown that this affects their mechanical properties 
(Viidtk, 1973). Soft tissues are affected particularly, 
but bones are not unaffected and so this renders the 
results of these tests of little value. The mechanics of 
the soft tissues are susceptible to alteration due to 
other factors as well unless handled carefully. Once 
removed from the body, they are likely to dehydrate. 
The visco elastic properties they exhibit are derived, 
in part, from the water retained in their structure and 
so loss of water will change their behaviour. It has 
been shown that if frozen to - 20°C on removal from 
the body, and then kept moist with saline solutions 
when thawed and under test, the mechanics remain 


constant (Viidik, 1973). Changes in temperature, and 
immersion in saline solutions also result in changes. It 
is thus recommended that, in order to simulate their 
behaviour in life, biological tissues should be tested 
in conditions of 100% relative humidity and at body 
temperature. 

Unless the tissues are always tested in identical 
conditions, then the absolute values produced by one 
group of researchers will not be comparable directly 
to those from another group. In addition, to represent 
their true action, the tissues must be deformed in 
vitro as they are in life If they are not, the results 
must be treated with caution. This is particularly the 
case when whole intervertebral joints are tested 
mechanically. Many experiments examining the 
mechanics of intervertebral joints constrain the 
vertebrae to rotate about a fixed axis. This is not how 
they behave in life as there is no fixed axis (Ogston et 
al., 1986). This poses a problem as the variation in 
published data represents real biological variation 
plus differences due to the experimental conditions 
tests were conducted under. For the data to be used 
for modelling purposes careful scrutiny of the condi- 
tions tests were conducted under must be made to 
assemble information that is as compatible as possi- 
ble. Having raised this concern, it is nevertheless true 
that, in recent years, in vitro experiments have 
produced information that is valuable and have cast 
dramatic light on the mechanics of the spinal tissues 
and the mechanisms of mechanical failure. In partic- 
ular, the work of Adams and Hutton (1982, 1985) has 
shown that a combination of hyperflexion and axial 
compression may cause prolapse of the intervertebral 
disc, and that cyclic loading in flexion and side 
bending can produce fatigue failures of the inter- 
vertebral disc. It has also been shown that cyclic 
loading of the intervertebral joint in torsion can cause 
fatigue damage (Liu et al., 1985). 

These in vitro studies of the spine have shown that 
all components of the joints can be damaged through 
mechanical loading, either by a single overload event, 
or by multiple cycles of loading causing fatigue 
failure. All the components of the intervertebral joints 
are innervated and so are all potential sources of pain. 
The intervertebral disc, which was for long con- 
sidered not to be innervated, has now been shown to 
have nerve endings in the outer third of the anulus 
(Yoshizawa et al,, 1980; Bogduk et al., 1982). This 
implies that the disc can be a pain source without 
herniation or prolapse of the nucleus pulposus 
(Bogduk, 1991). As early as the beginning of the 
1970s, mechanisms for producing internal disruption 
of the disc had been shown experimentally (Farfan el 
al., 1970), but it has only been with the development 
of CT scanning that such lesions could be identified. 
It is still a further step to recognize that lesions such 
as circumferential delamination of layers of the anulus 
may be painful and amenable to some form of 
interventional therapy. There is now research under- 
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way to identify these internal disruptions of the disc 
and to investigate their clinical significance (Manthey 
et al., 1994). 


Physiological function 


The mechanical function of the back during normal 
activities is the subject of much research. These 
studies generally examine movements of the spine 
and back and action of the back muscles during lifting 
tasks and other activities. 

Movements 

Measurement of the movements of the spine and 
intervertebral joints is problematical because of their 
inaccessibility. Simple clinical measures merely serve 
to give an index of back and trunk movement and are 
not very reliable (Portek et al , 1983). Radiographic 
techniques to measure three-dimensional movements 
are as yet still only able to measure end of range 
positions, although developments in video-fluoro- 
scopic radiography may enable active movements to 
be measured in the future. Techniques using devices 
attached to the skin can only record body segment 
movements, not vertebral movements, and are liable 
to artefact due to movement of the skin relative to the 
skeleton. Those studies in which pins have been 
inserted into the spinous processes are of limited 
value because it is not clear how such invasive 
procedures interfere with the ability of the subjects 
to act normally (Gunzberg et al ., 1991). Opto- 
electronic systems, developed primarily for gait 
analysis, also have been used for measuring back 
movements but rely on bulky rigs to obtain full three- 
dimensional analysis (Thurston and Harris, 1983) or 
only measure two-dimensional movement (see for 
example Holmes et al., 1992; Barker and Atha, 1995). 
Nevertheless, there is useful information in the 
literature on the movements of the spine. 

The normal range of voluntary movements of the 
intervertebral joints was determined using biplanar 
radiography (summarized In Table 10.1) (Pearcy, 
1985). The spine is a three-dimensional structure 
which is symmetrical only in the sagittal plane hence, 
when side bending or twisting movements are 
performed, the intervertebral joints undergo move- 
ments in all three dimensions. For example, the 
general pattern is that, during side bending, normal 
subjects exhibit some flexion of the back plus twisting 
to the side opposite that to which they are bending. 
These patterns are described fully in the literature for 
radiographic measures (Pearcy, 1985) and using 
electromagnetic goniometers (Hindle et al., 1990). In 
addition, the joints of the spine, like all joints in the 
body, exhibit circadian variation in their range of 
movement (Russell et al., 1992; Dvorak etal., 1995). 


Table 10.1 Representative values for the voluntary 
range of movements available at each intervertebral 
joint. The values are given in degrees and lateral bending 
and axial rotation are the total range from left to right, 
there being no difference in the range to either side 


Level 

Flexion 

Extension 

Lateral 

Bending 

Axial 

Rotation 

L 1 - 2 

8 

5 

10 

2 

L2-3 

10 

3 

1 1 

2 

L3-4 

12 

1 

10 

3 

1.4-5 

13 

2 

6 

3 

L5-S1 

9 

5 

3 

2 


Other studies have sought to show that the mobility 
of the spine depends on the posture adopted. For 
example, if the spine is flexed the intervertebral joints 
may have a greater range of motion available (Pearcy, 
1993) This would suggest that the intervertebral disc 
is more vulnerable to injury from torsion when the 
spine is flexed. This information can be used to assess 
work place requirements and it can be expected that 
this type of study will become more common. 
However, more information on how the complex 
structure of the spine moves is required before 
mathematical models will be able to predict the full 
behaviour of the back. This will require further 
development of techniques to measure three-dimen- 
sional movements of the spine in vivo. 

Electromyography (EMG) 

Alongside movement studies, the action of the 
muscles has been investigated in order to estimate the 
forces that the lower back is subjected to during 
lifting tasks, and to develop models of the control 
strategies the body uses. The complex muscular 
anatomy of the spine renders interpretation of 
electromyographic signals from the back muscles 
problematical Surface electrodes can only give a 
value for the activity of undifferentiated muscle 
groups. The use of needle or wire electrodes is 
necessarily restricted to small groups of subjects and 
cannot examine the action of all the muscles involved. 
Early work in this area is reviewed by Ortengren and 
Anderson (1977), who highlight that the information 
on the true action of the back muscles is incomplete. 
The use of EMG to provide data for models of how the 
back functions is becoming more sophisticated (see 
for example Thelen et al., 1994; Cholewicki et al., 
1995). Mathematical techniques, including optimiza- 
tion strategies, are being developed to quantify EMG 
signals in relation to forces produced by the back. As 
these methods are improved, more confidence will 
develop in their predictions of forces imposed on the 
intervertebral joints. 
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Modelling 


The information that is now available on the mechan- 
ical behaviour of the spine is extensive. Initial 
attempts to model the spine did not have such 
detailed information and were thus necessarily lim- 
ited in their ability to predict the behaviour of the 
spine. A detailed bibliography of earlier models 
incorporating the mechanics of the different compo- 
nents of the spine was produced by King (1984). 
Nevertheless, the skills that have been developed 
have provided some insight into the function of the 
low back and have led to the models that are now 
being developed (Schultz, 1990). 

Use of the Finite Element method of structural 
analysis has developed along with advances in the 
technique itself. The extent of the development of this 
method of modelling is demonstrated by a recent 
article describing an analysis of the whole lumbar 
spine in torsion (Shirazi-Adl, 1994). This work is the 
latest development of many years of work in three- 
dimensional modelling of the ligamentous spine. 
However, the author states that there is still a very large 
discrepancy among even the recent data reported on 
the mechanics of some of the ligaments, so assump- 
tions had to be made as to their properties. Finite 


element models do now offer the ability to model the 
spine, within the acknowledged limitations due to lack 
of precise data on some ligaments, and it can be 
expected that they will make valuable contributions to 
understanding mechanisms of injury to the passive 
components of the intervertebral joints. 

Modelling the muscles is problematical because of 
their complex anatomy and the unknown nature of 
their control. Anatomical studies have been com- 
bined with motion analyses to predict the maximum 
forces that the back muscles can exert on the spine, 
and have highlighted 

functions of the back muscles (Bogduk et aL, 1992a; 
Macintosh et al . , 1993a, b). Summaries of the esti- 
mated maximum 

back muscles can produce on each of the lumbar 
intervertebral joints from these studies are given in 
Tables 10.2, 10.3, 10.4 and 10.5. The data show that 
the effect of flexion on these forces is generally small, 
except for the shear forces which may change 
direction (Table 10.4), and that the lumbar back 
muscles have little action in twisting the spine. In 
addition, the psoas muscle, with its lines of action so 
close to the centres of rotation of the intervertebral 
joints, can have little role in controlling motions of 
the spine (Bogduk et al., 1992b). Rather its position is 
suited to acting on the hip, although in so doing, it 


Table 10.2 Estimations of the maximum moments that 
the lumbar erector spinae can produce about each level 
of the lumbar spine in the upright and fully flexed 
postures 


Table 10.4 Estimations of the maximum posterior shear 
forces that the lumbar erector spinae can produce on 
each level of the lumbar spine in the upright and fully 
flexed postures 


Level 

Moments (Nm) 

Difference 

% 

Level 

Shear (Posterior +ve) (A) 

Difference 

% 

Upright 

Flexed 

Upright 

Flexed 

Ll-2 

14 

13 

-7 

Ll-2 

65 

-44 

-169 

L2-3 

34 

28 

-18 

L2-3 

192 

-15 

-108 

L3-4 

57 

47 

-18 

L3-4 

267 

76 

-72 

L4-5 

75 

66 

-12 

L4-5 

230 

154 

-33 

L5-S1 

75 

74 

-1 

1.5 - S 1 

-149 

127 

+ 185 


Table 10.3 Estimations of the maximum compression 
forces that the lumbar erector spinae can produce on 
each level of the lumbar spine in the upright and fully 
flexed postures 

Table 10-5 Estimations of the maximum axial torques 
that the lumbar erector spinae can produce about each 
level of the lumbar spine in the upright and fully flexed 
postures 

Level 

Compression (N) 

Difference 

% 

Level 

Axial torque ( Nm ) 


Upright 

Flexed 

Upright 

Flexed 

Ll-2 

320 

329 

+3 

Ll-2 

1.7 

0.9 

L2-3 

677 

712 

+5 

L2-3 

2.7 

1.2 

L3-4 

1117 

1157 

+4 

L3-4 

3.5 

1.9 

L4-5 

1511 

1546 

+2 

L4-5 

4.2 

3.1 

L5-SI 

1608 

1646 

+2 

L5-S1 

1.8 

1.5 
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does apply large compressive and translatory forces 
to the intervertebral joints. 

The complexity of the back musculature has been 
incorporated in a recent model developed by Stokes 
and Gardener-Morse (1995) Their purpose was to 
examine strategies of muscle use for control of the 
spine and, in particular, to show that for equilibrium 
all of the muscles could not be working at their 
maximum at any one time. This was shown to be the 
case, as the muscles generally span several levels and 
muscle activations calculated for single intervertebral 
level analyses 

at other levels. This highlights a dilemma in modelling 
studies in that the complexity of the structure results 
in models that have no single solution and hence the 
modeller has to choose optimization criteria to solve 
the equations. Further, when the true complexity of 
the spine is modelled, the computing power required 
to analyse the model becomes excessive and, at 
present, limits the applications that can be studied. 
However, as the models approximate to the complex- 
ity of the anatomy, they are able to begin to show 
which hypotheses of control are possible solutions. 

Electromyographic studies combined with the 
anatomical knowledge are also providing new insights 
into the function of the back (see for example 
Cholewicki el al., 1995). Studies of the action of the 
back muscles during activities are necessarily limited 
by the restricted access to the muscles that is possible 
with the electrodes. However, when combined with 
available information from other modelling studies, 
hypotheses of function can be developed and tested 

Compilations of data are now able to be used to 
form models to predict the loads on the lumbar spine. 
Recently Adams and Dolan (1991) have developed an 
elegant theory combining their group's previous 
studies on the mechanics of intervertebral joints with 
movement data to predict the bending moments 
experienced by the spine. They have then gone on to 
use this model, together with data from other studies, 
to predict the loads on the spine when lifting and 
give evidence that the lumbar spine should be kept 
only in a degree of moderate flexion when lifting 
heavy objects (Adams el al., 1994). 

Conclusion 


This short review brings two main features to light. 
The first is that there is still no complete and 
comprehensive description of how the back func- 
tions mechanically. The second is that consideration 
of isolated components of the spine often masks their 
true function because their interaction with other 
elements of the spine and trunk are missing. How- 
ever, recent studies are providing information that is 
being found of value in understanding the mecha- 
nisms of injury to the spine, and for the planning of 
therapeutic interventions. 


The general functions of the different components 
of the spine may be summarized as follows. 

The passive elements of the spine provide a 
flexible coupling between the pelvis and thorax 
whose complex structure is designed to allow 
mobility, principally in directions that the back 
muscles can control (principally flexion, extension 
plus side bending), but provide restraint to torsion. 

The back muscles themselves provide postural 
support, and some extensor moment, during exten- 
sion from the upright position. Their intricate attach- 
ments may provide the ability for the positions of the 
individual vertebrae to be controlled independently. 
The abdominal muscles provide a load-bearing sys- 
tem anterior to the spine and also contribute to the 
control of the spine through their attachments to the 
thoracolumbar fascia and, in particular, are responsi- 
ble for torsional control of the spine. 

To model the function of the back it has been 
shown that the full complexity of the spinal anatomy 
cannot be overlooked. It is necessary to consider 
how the individual elements of the spine and back 
interact in the trunk, as a whole, in order to 
understand how the back functions mechanically. 
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Sacroiliac joint 

L.G.F. Giles and C.M. Crawford 


Gross anatomy 


The bony structures of the pelvis are the two hip 
bones (innominates), the sacrum and the coccyx 
(Figure 11.1). The female bony pelvis has a larger 
pelvic inlet and a wider pubic arch than the male 
bony pelvis. 

The medial aspect of the left hip bone is shown in 
Figure 11.2, which demonstrates the iliac, ischial and 
pubic parts of this bone, as well as its auricular 
surface. 



Figure 11.1 Anterior view of the bony pelvis showing the 
sacroiliac joints and some other labelled anatomical struc- 
tures. A = ala of sacrum; AC = acetabulum; AL = arcuate line of 
ilium; AS = anterior superior iliac spine; C = coccyx; F = pelvic 
sacral foramen (anterior); 1 = ischial spine; IC = iliac crest; 
IF = iliac fossa; O = obturator foramen; P = promontory of 
sacrum; S = symphysis pubis (pubic symphysis) with 
interpubic'disc'; SA = superior articular process of sacrum; SI 
= sacroiliac joint. 



Figure 11.2 Medial aspect of the left hip bone. A= auricular 
surface, A1 = anterior inferior iliac spine; AS = anterior 
superior iliac spine; B = body of ischium; G = greater sciatic 
notch; IE = iliopubic eminence; IF = iliac fossa; IS = ischial 
spine; IT = ischial tuberosity; P = posterior superior iliac 
spine; PI = posterior inferior iliac spine; T = tuberosity' of 
ilium; star shows the articular surface of the symphysis 
pubis. The dotted lines approximately indicate the limits of 
the iliac (I), pubic (2), and ischial (3) parts of the bone. 
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The four bones of the pelvic girdle are held 
together by strong ligaments and articulate via four 
articulations: two synovial sacroiliac joints, and two 
secondary cartilaginous joints, the pubic symphysis 
and sacrococcygeal joints which are connected by 
fibrocartilaginous discs as well as by ligaments 
(Rickenbacher, 1985; Moore, 1992). Each articular 
surface of the pubic symphysis is covered by a thin 
layer of hyaline cartilage, which is connected to the 
cartilage of the other side by a thick fibrocartilagi- 
nous interpubic disc which is generally thicker in 
women than in men; the ligaments joining the pubic 
bones are the superior pubic and the arcuate pubic 
ligaments (Moore, 1992). 

The three ligaments that stabilize the pelvis, 
sacrum, and the fifth lumbar vertebra are the 
iliolumbar, sacrotuberous and sacrospinous liga- 
ments, respectively (Hanson and Sonesson, 1994) 
which have been well documented in anatomical 
texts. According to Bogduk andTwomey (1991), the 
iliolumbar ligament consists of five different parts but 


Hanson and Sonesson (1994) found it to consist of 
only two, and Williams and Warwick (1980) found it 
to consist of three parts. 

The radiograph in Figure 11.3 shows the two 
sacroiliac joints, the symphysis pubis, and the sacro- 
coccygeal joint, as well as the associated hip and 
lumbosacral joints. 

The strong sacroiliac articulations have irregular 
but reciprocal elevations and depressions between 
the auricular surfaces of the sacrum and ilium which 
may help to interlock the opposing surfaces of these 
joints. In addition, stability is provided by a strong 
articular capsule and the powerful interosseous and 
posterior sacroiliac ligaments (Figure 11.4), which 
tightly knit and strengthen the joint but allow 
minimal movement (Rickenbacher et al., 1985). 

The sacroiliac joint is an atypical synovial joint, 
possessing a joint cavity containing synovial fluid, 
cartilaginous surfaces, and a synovial lined capsule. It 
is atypical because the cartilage on the ilium is 
fibrocartilage whereas the cartilage on the sacral 



Figure 11.3 Erect posture anteroposterior radiograph of a 26-year-old female pelvis with the associated lower lumbar spine 
and hip joints. A = acetabulum (superior surface); C = coccyx; F = sacral foramen; H = head of femur; O = obturator foramen; 
S = symphysis pubis; SI = sacroiliac joint; white arrow = sacrococcygeal joint. The long and short black lines show the femur 
head heights and the superior sacral notch heights, respectively. 
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ANTERIOR SACROILIAC 
LIGAMENT 



LICAMENTS LICAMENT 

Figure 11.4 This schematic representation of a horizontal 
section through the sacroiliac joints illustrates the powerful 
interosseous sacroiliac ligaments which assist in suspending 
the sacrum between the iliac bones. Also illustrated are the 
posterior and anterior sacroiliac ligaments.The anterior sacro- 
iliac ligament lies just anterior to the capsule (tailed arrow). 
The sacroiliac joint consists of a ligamentous compartment 
posteriorly and an articular compartment anteriorly (Mod- 
ified from Rickenbacher, J., Landolt, A M. and Theiler, K. 
( 1 985) Applied Anatomy of the Back Springer-Verlag, Berlin. 
Bernard, T.N. and Cassidy, J. D (1991) The sacroiliac joint 
syndrome. Pathophysiology, diagnosis and management. In 
The Adult Spine: Principles and Practice. Raven Press, New 
York, pp 2107-2130 Moore, K.L. ( 1992) Clinically Oriented 
Anatomy, 3rd edn. Williams andWilkins, Baltimore. 


surface is hyaline articular cartilage. Typical synovial 
joints have hyaline articular cartilage on both surfaces 
of the joint. 

The superior surface of a block of osteoliga- 
mentous tissues cut in the horizontal plane through 
the sacrum and parts of its adjacent ilia, at the level of 
the first left and right sacral intervertebral canals 
(foramina), and the lower margin of the first sacral 
intervertebral disc, is shown iQ Figure 11.5. 

Part of a histological section, cut in the horizontal 
plane through the left side of the sacrum and the 
adjacent ilium at the level of the root of the superior 
articular process and the adjacent lamina of the first 
sacral segment (see reference line on Figures 3.3 and 
11.3), is shown in Figure 11. 6. This figure also shows 
part of the interosseous sacroiliac ligament in the 
sacroiliac joint cavity (Adeeming et al . , 1992) which is 
the main determinant of sacral movement (Vukicevic 
et al., 1991). This histological section further illus- 
trates how the massive and very strong interosseous 
sacroiliac ligaments unite the iliac and sacral tuberos- 
ities; they consist of short, strong bundles of fibres 
that blend with, and are supported by, the thick firm 
posterior sacroiliac ligaments (Moore, 1992). The 



Figure 11.5 A block of ostcoligamentous tissues cut in the horizontal plane through die sacrum (S) and adjacent ilia (1L) at 
the level of the first sacral intervertebral canals (foramina) (SC) containing neural structures (N) (51-year-old female). The 
sacral canal is seen centrally and contains epidural fat (E), vascular structures and the lower portion of the dural tube (DT) 
with its filum terminale internum (F). Parts of the left and right sacroiliac joints are shown at this level. ES = erector spinae 
muscle; IOSIL = interosseous sacroiliac ligament; M = multifidus muscle; MC = median sacral crest; tailed arrow = posterior 
sacroiliac ligament; SI = part of the sacroiliac joint Same orientation as in Figure 11.4. 
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Figure 11.6 A 200 pm thick histologicaJ section cut in the horizont.il plane showing the left side of the sacrum ( S ) and the 
adjacent ilium at the level of the root of the superior articular process and the adjacent lamina (L) of the first sacral segment. 
(65-year-old female) (See Figures 3.3 and 1 1.3 for reference line indicating the approximate level of this section). The anterior 
border of the sacral ala is shown, with adjacent neural structures forming part of the fifth lumbar nerve (L5N). The sacral canal 
(SC) contains neural structures forming part of the first sacral nerve (SIN), adipose tissue and vascular structures. Part of the 
posterior sacroiliac ligament (arrow) is seen bridging between the first sacral segment and the ilium at the posterior, i.e non- 
synovial part of the sacroiliac joint (SI JT). IOSIL = interosseous sacroiliac ligament. Insert line drawing shows the approximate 
orientation of the histological section (rectangle). C = cartilage; IOSIL = interosseous sacroiliac joint ligament. 


interosseous sacroiliac ligament, part of which is 
shown in Figure 11.6, fills the irregular space 
immediately above and behind the sacroiliac joint and 
is covered by the posterior sacroiliac ligament 
(Williams and Warwick, 1980). 


The histological section (Figure 11.6) shows that 
there is also adipose tissue between the sacrum and 
the ilium, through which course quite large blood 
vessels. The synovial part of the sacroiliac joint is 
located more anterolaterally than is shown in this 
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histological section, although its most posterior part 
is just visible on the left edge of the photomicro- 
graph. 

Part of the synovial region of a sacroiliac joint is 
shown in its superior to inferior length in Figure 
11.7. 

This 

section cut through the sacroiliac joint between the 
auricular surfaces of the sacrum and ilium, in which 
the sacral articular surface is covered by hyaline 
articular cartilage and the iliac articular surface is 
covered by fibrocartilage (Putschar, 1931; Schunke, 
1938; Dijkstra et al. , 1989; Cassidy, 1992). The iliac 
auricular surface is covered by fibrocartilage (Dijkstra 
et al., 1989), although Paquin et al. (1983) showed by 
collagen typing that the iliac cartilaginous surface had 
no collagen ty pical of fibrocartilage. Therefore, they 
concluded that this cartilage is more hyaline than 
fibrocartilage in nature but noted that the orientation 
of its collagen fibrils is abnormal in being organized 
parallel to the auricular surface throughout the 



Figure 11.7 A 200 pm thick histological section cut in a 
slightly oblique plane through a sacroiliac joint from a 
59-year-old female. C = fibrous articular capsule interiorly; 
F = fibrocartilage on the iliac side of the joint; H = hyaline 
articular cartilage on the sacral articular surface, which 
shows osteoarthritic changes (arrow) in this specimen. 


cartilage’s depth. The depth of the cartilage on the 
sacral surface ranges from 0.2 to 2.4 mm, while on the 
sacral surface the range is 0. 1 - 1 .8 mm, indicating that 
the sacral cartilage is, on average, 1.7 times thicker 
than that of the iliac surface (Walker, 1986). 

Vleeming et al. (1990a) showed the presence of 
cartilage covered ridges and depressions which are 
complementary on the opposing auricular surfaces of 
the sacroiliac joints. In Figure 1 1.7, it can be seen that 
the sacral hyaline articular cartilage is considerably 
thicker than the fibrocartilage on the iliac articular 
surface in this atypical synovial joint, confirming the 
findings of Rickenbacher et al. (1985). The fibro- 
cartilage tends to degenerate early in life but the joint 
space most often remains patent throughout life 
(Cassidy, 1992) and there is still a demonstrable joint 
space well into the eighth and ninth decades (Green- 
man, 1992). The histological section in Figure 11.7 
shows some evidence of debris within the upper one- 
third of the joint, which 

debris first described by Brooke (1924). The adult 
sacroiliac joint will accept a volume of 1-2 cc of 
injectate but the addition of more fluid distends the 
joint (Aprill, 1992). 

The sacroiliac joint can undergo a small amount 
of anteroposterior rotatory movement (Weisl, 1955; 
Sturesson et al., 1989) which appears to range from 
2 degrees (Egund et al., 1978) to 12 degrees 
(Lavignolle et al, 1983); movement is now well 
accepted, and Vleeming et al (1990b) state that 
small movements are indeed possible, and this is 
compatible with the findings of small, non bridging 
anterior peripheral osteophytes which are found 
regularly (Dijkstra et al., 1989). Rotation in a para- 
median plane (anterior, posterior and cranial caudal 
translation) has been identified, and rotation in the 
frontal plane has been shown (Stevens, 1992). 
Under abnormal loading conditions of sacroiliac 
joints with ridges and depressions, it is possible that 
a sacroiliac joint can be forced into a new position 
where the ridges and depressions are no longer 
complementary theoretically causing a blocked joint 
(Vleeming et al., 1990b). 

The sacroiliac joint is supplied by arterial branches 
derived from the superior gluteal, iliolumbar, and 
lateral sacral arteries (Moore, 1992). 

The detailed dissections of Bradley (1974) illus- 
trated not only the innervation of the posterior aspect 
of the sacrum but also the innervation of the 
zygapophysial joints. More recent authors (Bogduk, 
1983; Giles, 1989) have confirmed the work of 
Bradley (1974) with regard to innervation of the 
lumbar zygapophysial joints after the medial branch 
passes under a ligament forming a tunnel approx- 
imately 6mm long (Bradley, 1974), i.e., the mamillo- 
accessory ligament. A plexiform arrangement of 
nerves lying on the posterior surface of the sacrum, 
in contact with the interosseous sacroiliac ligament 
and the sacrotuberous ligament (Figure 11.8) was 
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demonstrated by Bradley (1974). The fifth lumbar 
nerve (L5) descends vertically in a groove on the ala 
of the sacrum, immediately lateral to the articular 
facet, and can be traced downwards as the lateral 
division for a distance of approximately 6 cm before it 
joins the lateral division of the first sacral nerve (SI) 
(Bradley, 1974). The medial division of the L5 nerve 
curves under the lumbosacral zygapophysial joint, 
sending tiny branches to it; the lateral division of the 
L5 nerve, supplies the posterior sacroiliac ligament 
(Bradley, 1974). 

The lateral branch of the SI nerve is joined above 
with the L5 nerve, and below with the S2 nerve; the 
lateral division of the S2 nerve descends and courses 
downwards on the sacrum, just lateral to the third 
and fourth sacral foramina, where it joins with the 



Figure 11.8 Photograph of the left side of the posterior 
surface of the sacrum showing the posterior sacral nerve 
plexus formed on the dorsum of the sacrum by the dorsal 
rami of the lower lumbar and sacral nerves. The proximity of 
the posterior sacral plexus to the posterior sacroiliac 
ligament (PS1 I.IG) and interosseous ligament is illustrated, 
as is the overlap of nerve branches from different cord 
segments. The pattern of the nerve supply of the lumbosac- 
ral joint is also shown. (Reproduced with permission from 
Bradley, K.C. (1974) The anatomy of backache Aust. N.Z. J. 
Surg., 44, 227-232.) 


lateral divisions of the S3 and S4 nerves (Bradley, 
1974). 

The medial divisions of the SI to S4 nerves pass 
medially to the multifidus muscle (see Chapter 9), 
while the lateral divisions pass between the inter- 
osseous and overlying posterior sacroiliac ligaments 
which also receive several fine filaments from the 
lateral divisions of the L5 and SI -3 nerves (Bradley, 
1974). 

The anterior sacroiliac ligament is innervated by 
ventral branches from the sacral plexus (S 1 - 4) 
(Rickenbacher et al., 1985) and possibly small fila- 
ments of the obturator nerve (L2-4) (Sunderland, 
1968). 

In summary, all nerves adjacent to the sacroiliac 
joint supply small branches to the joint capsule, with 
the ventral branches coming largely from the sacral 
plexus; the inferior parts of the joint are supplied by a 
branch of the superior gluteal nerve (L4-S1 ventral 
rami). Posteriorly, the joint receives branches from the 
dorsal rami ofSl and S2 (Rickenbacher et al . , 1985). 


Clinical 


Sacroiliac joint dysfunction appears to be an over- 
looked condition which is not even considered a 
possibility by many clinicians involved in the diag- 
nosis and treatment of patients with mechanical back 
pain (Aprill, 1992). This is in spite of the clinical 
observation that pain can be exacerbated by various 
physical manoeuvres which are thought to stress the 
joint (Mooney, 1992). The resulting syndrome is a 
common condition thought to result from a mechan- 
ical derangement of the joint (Kirkaldy-Willis, 1988). 
Sacroiliac joint dysfunction may be associated with a 
small degree of subluxation, based on the apparent 
success of manipulation directed at the sacroiliac 
joint (Allan and Waddell, 1989; Bernard and Cassidy, 
1991). As early as 1905, Goldthwait and Osgood 
emphasized mobility of the sacroiliac joint and 
suggested that an acute or chronic slip, or subluxa- 
tion, of the joint could cause pain and suggested that 
the variability of symptoms may be attributable to 
differing degrees of mobility. 

As a major link in the connections between the 
trunk and the lower limbs, the sacroiliac joints are 
subject to heavy loads, both static and dynamic 
(Rickenbacher et al., 1985). Numerous conditions 
can involve the sacroiliac joints (Table 11.1) and, in 
the last few years, the importance of sacroiliac 
syndrome in the causation of low back pain has 
gained increasing recognition, partly due to the 
clinical and radiological studies by Schmid (1980) 
which showed a larger range of movement in the 
sacroiliac joints than was previously supposed. Shaw 
(1992) states that sacroiliac joint dysfunction is a very 
common cause of low back pain 
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Table 11.1 Possible causes of sacroiliac joint pain 


Mechanical: 

Sacroiliac dysfunction 
Postural 

Pelvic obliquity; postural lumbar scoliosis; excessive 
lumbar lordosis; obesity 
Pregnancy with joint laxity 

Degenerative: 

Sacroiliac osteoarthrosis 
Osteitis condensans ilii 

Inflammatory (rheumatic): 

Sacroiliac arthritis 

Ankylosing spondylitis (Bechterew's disease); psoriatic 
arthritis; Reiter's syndrome; intestinal lipodystrophy 
(Whipple’s disease); rheumatoid arthritis; 
ossification of the capsule in hyperostotic 
spondylosis (Foresticr's disease); gouty arthritis 

Infective: 

Tuberculosis; brucellosis, osteomyelitis, etc. 

Osteopathies: 

Dystrophic 

Osteoporosis; osteomalacia; hyperparathyroidism; 

hypogonadism 

Hypertrophic 

Osteitis deformans (Paget's disease) 

Neoplasms: 

Benign and malignant (primary and secondary) 

Trauma 

Dysplasias 

Hypoplasia of one sacroiliac joint 


(Modified from Rickenbacher el al 1985.) 


According to Schmid (1980), the main feature of 
the sacroiliac syndrome is the paroxysmal character 
of the pain which may fluctuate widely during rest 
and movement, and may not be confined to the 
vicinity of the sacroiliac joint, radiating into the groin, 
trochanteric area, or distal parts of the posterior 
thigh; occasionally, pain may be referred down the 
lateral or posterior areas of the calf to the ankle, foot 
and toes (Kirkaldy-Willis, 1988). A survey by Aprill 
(1992) revealed that 25-30% of non-specific back 
pain patients have symptomatic sacroiliac dysfunc- 
tion in conjunction with other defined lesions 
(symptomatic anular fissures, symptomatic zygapo- 
physial joint dysfunction). Pain on movement involv- 
ing the sacroiliac, gluteal, inguinal and trochanteric 
regions, usually referring to the back, and pain in the 
lower abdomen and groin due to tension in the iliacus 
muscle, and sciatic-type pain, can be part of the 
sacroiliac syndrome (Rickenbacher et al . , 1985). In 
addition, there may be intermittent limping of the 
affected side, usually associated with fatigue pain 
(Rickenbacher el al . , 1985). 


Clinical examination 


Clinical examination of the sacroiliac joint must 
include inspection, assessment for leg length inequal- 
ity and pelvic torsion, and palpation of the iliacus, 
adductor, gluteus major, and piriformis muscles 
(Rickenbacher et al . , 1985). Palpation should also 
include posterior superior iliac spines, sacrotuberous 
ligaments, as well as the origins and insertions of 
major muscles (glutei, piriformis, adductors) for both 
tenderness and increased tension (Aprill, 1992). 
Clinically, if is the region of the posterior surface of 
the sacrum immediately lateral to the line of the 
foramina, which is important, with respect to pain 
and tenderness, as this is where the interosseous and 
posterior sacroiliac ligaments receive nerve fibres 
which pass laterally between the ligaments (Bradley, 
1974). Palpation for mobility of the sacroiliac joint 
has been advocated but the validity of this examina- 
tion has yet to be established. TVvo out of three 
positive clinical provocation tests (Gaenslen's, Faber- 
Patrick and Yeoman’s) are found in most cases of 
sacroiliac joint syndrome (Cassidy and Mierau, 1992). 
Rectal or vaginal examination complete the physical 
assessment (Rickenbacher et al., 1985). 

Pelvic obliquity and leg length inequality assess- 
ments are important (Aprill, 1992). The effect of 
significant (>9 mm) leg length inequality (Giles, 1989) 
on the sacroiliac joints is unknown but it is reasonable 
to assume that it may result in excessive unilateral 
stress on the sacroiliac joint capsule, its ligaments, and 
its articular cartilage (Dihlmann, 1980) (Figure 11.9). 

In an electromyographic study, Taillard (1969) found 
anomalies of pelvic and spinal posture, as well as 
abnormalities in the dynamics of postural muscles 
when there was a leg length difference of 1 cm or 
more. Vink and Kamphuisen (1989) concluded that 
intrinsic lumbar back muscle electromyographic activ- 
ity can increase at 1 5 mm leg length inequality and that 
‘small’ (<35 mm) leg length inequalities may not be 
harmless. Jenner and Barry (1995) found that people 
with a leg length difference of at least 2 cm are more 
prone to back pain. Some clinicians still consider 
significant leg length inequality to be 2 cm or more 
(Guichet et al., 1 99 1 ) and arbitrarily dismiss leg length 
inequality between 1 and 2 cm (personal communica- 
tion, J.P. Gofton, 1989) without any scientific basis, 
even though there is no final agreement on what leg 
length inequality is clinically significant (Krettek et al . , 
1994). According to Hoffman and Hoffman (1994), 
levelling of the sacral base by shoe raise provides 
statistically significant relief from low back pain, often 
with spectacular reduction of symptoms (Williams, 
1974). Tjemstrom and Rehnberg (1994) found that 
correction of leg length discrepancy of 3 cm and more 
improved patients’ ability to work, walk and perform 
recreational activities. This issue requires clarification 
as surgical prophylactic intervention can correct leg 
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Figure 11.9 Radiograph of a 37-year-old male with a right leg length deficiency of 26 mm and a postural scoliosis of II 
degrees using the Cobb (1948) method of measurement. Note that the right pubic crest is slightly higher than the left which 
may indicate some degree of rotation between the sacrum and ilium on one or both sides. There is some wedging of the 
intervertebral discs, particularly at L4-5, with the discs being narrower on the left side (Reproduced with permission from 
Giles, L.G.F (1989) Anatomical Basis of Low Back Pain. Williams and Wilkins, Baltimore.) 
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length discrepancy before epiphyseal closure (Harcke 
and Mandell; 1993, Mattassi, 1993), whereas leg 
lengthening in adult life entails potential risks of 
serious complications (Tjernstrom et al., 1993) in a 
high percentage (84.8%) of cases (Zippel and Lang, 
1993; Dahl et al, 1994). 

The relationship of sacroiliac joint dysfunction, 
osteoarthrosis, and sacroiliac syndrome (Lewis, 1985; 
Bernard and Kirkaldy-Willis, 1987; Kirkaldy-Willis, 
1988; Huskisson, 1990; Cassidy and Mierau, 1992; 
Dreyfuss et al., 1994; Chaabane et al. , 1994) to leg 
length inequality is unknown 
In young individuals, bony structures are some- 
times seen within the sacroiliac joint but are con- 
sidered normal (Funke et al, 1992). However, during 
old age, the sacroiliac joint often becomes, partially 
ossified, especially in men, and calcification in the 
anterior sacroiliac ligaments makes the joint cavities 
less visible on radiographs, even though they are still 
present (Moore, 1992). It should be noted that the 
sacroiliac joints are often asymmetrical (Dijkstra, 
1992). Aprill (1992) has developed a diagnostic 
technique for consistent opacification of the joint 
space; contrast material is contained within the space 
of a 'normal’ joint, implying the capsule is intact. 
However, periarticular spread of contrast material 
indicates disruption of the ventral capsule (Aprill, 
1992). 
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Pathoanatomy of the thoracolumbar 
transitional junction 

K.P. Singer 


Introduction 


The human vertebral transitional junctions show the 
diversity of our anatomy (Schmorl and Junghanns, 
1971). An appreciation of this diversity is important 
to the clinician of manual therapy as a majority of 
clinical presentations occur at the transitions. Despite 
an abundant early literature emphasizing the range of 
anatomies within the spine, most contemporary 
descriptions in anatomy and clinical sources imply 
that the vertebrae are symmetrical and highly con- 
sistent in number and regional morphology. In 
discussing the biomechanics of the thoracolumbar 
column, Kazarian (1972) noted the true idiosyncratic 
behaviour of the column when it was loaded This 
reflects the subtle, and at times, marked asymmetries 
within and between vertebral segments. 

This chapter will summarize investigations into the 
anatomy and mechanics of the thoracolumbar junc- 
tion. It is hoped that this work will provide a frame- 
work for the clinician when assessing and treating this 
diverse and highly variable region of the spine. 

The thoracolumbar junction is commonly repre- 
sented in anatomical sources as showing an abrupt 
change in the configuration of the zygapophysial 
joints of the twelfth thoracic vertebrae (Figure 12.1). 
in most texts, this morphology was depicted by 
inferior articular processes which turned out to face 
laterally (Pick, 1890). This concept of a regular and 
predictable anatomy has been perpetuated in most 
sources. To appreciate the variations in this transi- 
tional region, the interested clinician needed to 
explore early, anatomical, anthropological and radi- 
ological literature. 

A number of these reports described (i) cranial and 
caudal variations in the location of the thoracolumbar 



Figure 12.1 Ex vivo CT images depicting the two main 
patterns of change in zygapophysial joint configuration at 
the thoracolumbar junction. The transition (left), is the 
standard anatomical textbook description of an abrupt 
change from the coronal plane of the lower thoracic 
zygapophysial joints to the predominantly sagittal planes of 
the first lumbar segment. An angulation difference between 
adjacent paired joints of >120° was used as the criterion to 
separate these patterns. The gradual pattern (right) depicts 
an intermediate zygapophysial joint configuration inter- 
posed between the more coronally and sagittally orientated 
levels. 
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ABRUPT T12-L1 ABRUPT Til-12 ABRUPT LI-2 





18.1% 10.2% 0.2% 


GRADUAL Til-12 GRADUAL T12-L1 GRADUAL T1 0-1 1 





T12-L1 




LI-2 


Til 



59.6% 11.4% 0.5% 


Figure 12.2 The textbook depiction of an abrupt transition in zygapophysial joint 
transitions at the thoracolumbar junction was evident in approximately 30% of cases. 
The presence of intermediately configured zygapophysial joints characterized the 
gradual transitions which were typically located between T10-11 and T12-L1. 
(Reproduced with permission from Singer, K.P, Breidahl, PD. and Day, R E. (1989) 
Posterior element variation at the thoracolumbar transition. A morphometric study using 
computed tomography. Clin. Biomecb ., 4: 80-86.) 
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junction (Humphry, 1858; Struthers, 1875; Hasebe, 
1913; Schertlein, 1928; Kiihne, 1932, Stewart, 1932; 
Lanier, 1939; Terry andTrotter, 1953; AJIbrook, 1955), 

(ii) asymmetry of the TLJ zygapophysial joints (Bar- 
clay-Smith, 1911; Whitney, 1926; Shore, 1930), and 

(iii) a wrap-around configuration of the thoraco- 
lumbar junction zygapophysial joints in which the 
superior articular processes locked those from the 
vertebra above (Topinard, 1877; Le Double, 1912; 
Davis, 1955). Differences in thoracolumbar junction 
location and morphology were reported by Todd in 
1922 to be so common that any attempt to categorize 
them was considered impractical. 

As little specific investigation of this region had 
occurred since, this prompted a comprehensive 
examination of the lower thoracic and upper lumbar 
segments (i.e. T10-1 1, T1 1-12, T12-L1 and Ll-2). 
This work was undertaken initially using CT archives 
from over 600 patient examinations, with histology 
performed on 75 cadaveric thoracolumbar junctions 
(Singer, 1989a). The major observation from this 
examination has been the dismissal of the notion that 
an abrupt transition is representative of the normal 
anatomy of the thoracolumbar junction (Singer et al ., 
1989a) (Figure 12.1). Instead, a more gradual change 
from thoracic to lumbar morphology appears to be 
normal. Indeed, in 1875, Struthers described a 
transition pattern in which the thoracolumbar junc- 
tion zygapophysial joints showed an intermediate 
configuration between the sagittal and coronal planes 
of adjacent thoracolumbar junction segments. The 
standard textbook description of an abrupt transition, 
as defined in these studies (Figure 12.2), would apply 
to about 30% of the population examined. 

Having defined a gradual form of transition as the 
normal pattern, it was of interest to explore whether 
this morphology differed from the abrupt mode. It 
was surmised that the gradual pattern might serve to 
minimize stresses between the mobile segments of 
this transitional region and this would be evident in 
terms of articular histology, patterns of spinal inju- 
ries, and mechanics. 


Developmental anatomy of the 
thoracolumbar junction 


The sequence of ossification of the vertebral centra 
reveal a consistent pattern whereby the first sites are 
located in the lower two thoracic and first lumbar 
vertebral bodies; thereafter, a progressive cranial and 
caudal pattern of ossification commences in adjoin- 
ing vertebrae (Noback and Roberston, 1951; Bagnall 
et al., 1977; Birkner, 1978). Similarly, by about 2 years 
of postnatal life the vertebral ring apophyses from 
T10 to LI appear to ossify first (Louis, 1983). These 
ossification patterns have prompted Bagnall et al. 


(1977) to suggest that the use of trunk musculature 
and fetal movement in utero act to stimulate early 
skeletal development of the thoracolumbar junction 
elements in response to these mechanical stresses 
applied to the vertebral column. The thoracolumbar 
junction transition also shows an increase in the size 
of the vertebral bodies and intervertebral discs 
(Davis, 1980; Berry et al., 1987), associated with a 
larger vertebral canal to accommodate the lumbar 
enlargement of the spinal cord and conus (Gonon et 
al., 1975; Louis, 1983). 


Thoracolumbar spinal curvature 


The gradual thoracic kyphosis formed by the thoracic 
vertebrae and intervertebral discs (Kapandji, 1977) 
permits relatively little motion compared with the 
lordotic curves of the cervical and lumbar regions. 
The thoracic cage, with its anterior concavity, affords 
protection to the thoracic and upper abdominal 
viscera. Tension on the spinal cord is impeded due to 
the rib cage which restricts thoracic flexion 
(Humphry, 1858). Different physiological postures 
are evident in the thoracolumbar curvature and 
appear to vary widely in response to activity (Strasser, 
1913), gender and to increasing age (Singer et al., 
1990e, 1994). Curvature characteristics are also 
influenced by spinal trauma, and gibbus deformity is 
a common sequel (Willen et al., 1990). In the normal 
vertical posture, the location of the line of gravity 
with reference to the vertebral column often appears 
located through the transitional regions (Humphry, 
1858; Nathan, 1962; Anderson, 1982). Despite chan- 
ges in the magnitude of the curves from one region to 
another, they compensate each to maintain a ‘bal- 
ance’ in relation to the line of gravity (Steindler, 
1955). This reciprocal change in curvature from the 
thoracic kyphosis to lumbar lordosis produces an 
inflexion area which is found usually between Til 
and LI (Stagnara et al., 1982; Singer et al., 1990e). 

The strategy of positioning an inflexion point at an 
area of mechanical and morphological transition 
might offer protection in the form of reduced 
localized bending stress, at least for sagittal plane 
motion. This contrasts with the curve apex which 
sustains the greatest deflection under static loading. 
Clinically, the mid-thoracic region is where there is an 
increased risk of anterior vertebral deformities 
(Kazarian, 1978; Lampmann et al., 1984). In contrast, 
if the bending moment is applied suddenly, the 
thoracic column may tend to ‘pivot’ over the 
mechanically ‘stiffened’ thoracolumbar junctional 
region, often producing a compression fracture 
(Levine and Edwards, 1987). 

When considering the significance of the thor- 
acolumbar junction inflexion point, the dynamic role 


Copyrighted Material 



186 Clinical Anatomy and Management of Low Back Pain 


of the vertebral column as a whole must be exam- 
ined. During static axial compression loads, the 
thoracolumbar junction shows little rotational 
deformity in the horizontal plane, compared to 
adjacent thoracic and lumbar regions (Kazarian, 
1972). This mechanical characteristic appears to 
reflect the increased stability of this region during 
upright postures. The morphology of the thor- 
acolumbar mortice joint, which will be described in 
this chapter, may aptly be described as an anti- 
torsion’ device, operating to resist torsional stresses 
at the thoracolumbar junction segments (Markolf, 
1972; Singer et al., 1989b). Any explanation which 
seeks to account for the localized incidence of 
vertebral body compression fractures at the thor- 
acolumbar junction (Rehn, 1968) must consider not 
only the anatomical and aetiological factors contribut- 
ing to the problem, but other factors such as the 
biomechanical capacities of the mobile segments and 
the change in curvature at the thoracolumbar 
junction. 


Load-bearing by the thoracolumbar 
junction mobile segments 


Weight transmission down the axial skeleton in the 
erect posture is predominantly through the vertebral 
bodies and intervertebral discs, which enlarge in size 
from Cl to L5 (Pooni et al., 1986) to accommodate 
the increasing load. However, the zygapophysial 
joints also contribute to axial weight-bearing (EI-Bohy 
et al., 1989) relative to their orientation and position 
with the line of gravity. At the thoracolumbar 
junction, the upper lumbar vertebral bodies demon- 
strate a relatively marked increase in cross-sectional 
geometry compared with the thoracic vertebrae 
(Gonon et al., 1975; Davis, 1980; Berry et al., 1987). 
Cancellous bone density of the vertebral bodies 
shows greater average values for the lower thoracic 
compared with upper lumbar vertebral levels. How- 
ever, the product of mid-vertebral body cross-sec- 
tional area and the associated vertebral cancellous 
density, is similar for each vertebra from T10 to LI 
(Singer and Breidahl, 1990b; Singer et al. , 1995). This 
finding may suggest that, at the thoracolumbar 
junction, a relatively equal axial weight-bearing load 
may be accommodated by each vertebral segment, 
despite the increase in the physical morphology of 
the lumbar vertebrae. The tendency for the anterior 
aspect of each vertebral body to demonstrate a 
significantly higher trabecular density measure 
(Singer and Breidahl, 1990b) may relate to the 
habitual flexion loads sustained by the low thoracic 
and upper lumbar vertebrae. 

In a qualitative anatomical study which attempted 
to estimate the proportion of load shared between 


the vertebral mobile segments, Pal and Routal (1987) 
suggested that those vertebrae crossing the line of 
gravity would sustain the highest axial loading. The 
vertebrae situated within a concavity would load the 
vertebral bodies and, reciprocally, the zygapophysial 
joints would be preferentially loaded in lordotic 
postures. While Nachemson (I960) has tended to 
discount the posterior elements as less significant 
contributors to direct transfer of axial loads, there is 
experimental evidence to the contrary. Yang and King 
(1984) have shown that lumbar zygapophysial joints 
can contribute up to 47% of axial load-bearing; this 
relationship is dependent on the location of the 
vertebrae from the line of gravity. 

Similarly, the marked increase in pedicle cross- 
section area at the thoracolumbar junction (Zindrick 
et al., 1986; Berry et al, 1987) appears designed to 
allow the passage of forces between the anterior and 
posterior elements relative to changes in posture. 

As each synovial joint is designed to sustain load 
transmission across the articular surfaces (Radin, 
1976; Putz, 1985), the thoracolumbar junction zyga- 
pophysial joints were examined for their potential to 
sustain axial loads. A feature evident from frontal 
plane CT scans of the thoracolumbar junction zyga- 
pophysial joints was a medial taper and enclosure 
provided by the superior articular process (Singer, 
1989b). This morphology, likened to a carpenter’s 
mortice’ joint (Davis, 1955), putatively locks the 
joint when loaded to resist axial plane stress. At the 
level of the mortice joint and above, the inferior 
articular processes would appear to stop against the 
lamina in axially loaded postures and in end-range 
spinal extension. 


Zygapophysial joint asymmetry at 
the thoacolumbar junction 


Differences in zygapophysial joint horizontal planes 
(tropism) is another common feature at the thoraco- 
lumbar junction in which tropism greater than 20° 
between left and right paired joint planes showed a 
two-fold higher frequency in males (Singer, 1989a). 
The rationales proposed to account for tropism are 
numerous. Debate exists between those who pro- 
pose either a developmental or functional hypothesis, 
or both. Whitney (1926) suggested that manipulative 
tasks using the dominant upper limb produced a bias 
in trunk rotation which was manifest in thor- 
acolumbar junction zygapophysial joint asymmetry. 
In contrast, Odgers (1933) suggested that the multi- 
fidus muscle controlled the sagittal development of 
lumbar zygapophysial joints and accounted for the 
diversity of articular plane configurations between 
joint pairs; a position supported by Pfeil (1971) and 
Lutz (1967). The view proposed by Putz (1976, 1985) 
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Figure 12.3 Right and left joint zygapophysial joint angles, at the level of the superior end-plate, were calculated by plotting 
a line of best fit through the joint margins in relation to the sagittal midline. In this CT example from Til-12, marked 
asymmetry in joint planes is evident. 


describes lateral mechanical shear stresses on the 
articular surfaces which help to shape the zygapophy- 
sial joints. This latter view is supported with the 
model of scoliosis, as the articular surfaces appear to 
adapt their orientation in response to the deformity 
(Giles, 1982). 

The embryological studies by Huson (1967), Reich- 
mann (1971), Hadley (1976), Med (1980) and Cihak 
(1981), who examined zygapophysial joint configura- 
tions in the developing vertebral column, have 
usually recorded that all joints lie close to the coronal 
plane in utero. However, Reichmann (1971) did 
show variation in the in utero development of 
zygapophysial joints, with some individuals showing 
the eventual adult form and shape of the lumbar 
zygapophysial joints. 

Zygapophysial joint tropism occurs most fre- 
quently at theTll-12 segment (Figure 12.3) (Malmi- 
vaara et al ., 1987; Singer et al., 1989a) which has 
been described by Veleanu et al. (1972) as the 
headquarters for the thoracolumbar junction. The 
highly diverse orientations in the zygapophysial joints 
at this level may indicate an intermediate stage in the 
evolution of this transitional region. The gradual form 
of transition, which was found in the majority of 
cases, is probably the most likely form for this region 
(Singer et al. , 1989a). 


Interlocking mortice-like 
thoracolumbar zygapophysial 
joints 


Early descriptions of interlocking zygapophysial 
joints (Hildebrandt, 1816; Humphry, 1858), and the 
thoracolumbar junction ‘mortaise’ joint coined by 
Topinard (1877) and others (Le Double, 1912; Davis, 
1955), have been extensively reported. Davis (1955, 
1961) suggested that the mortice’ effect could be 
gauged according to development of the mammil- 
lary processes and their projection behind the 
inferior articular processes. This morphological fea- 
ture was examined radiographically, with the use of 
CT, and histologically, to provide a detailed review 
of the relationship between the mammillary pro- 
cesses to thoracolumbar junction zygapophysial 
joint orientation (Figure 12.4). The most common 
segmental level demonstrating mortice joints was 
Tll-12, followed by T12-L1, consistent with 
reports by Davis (1955), Malmivaara et al. (1987) 
and Singer (1989b). 

Unilateral mortice joints have been identified with 
zygapophysial joint asymmetry (Malmivaara et al., 
1987), usually formed by a mammillary process on 
the side of the coronally orientated joint (Singer et al. 
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Figure 12.4 A photomicrograph of a 200 pm thick transverse section cut in the plane of the superior vertebral end plate at 
Til- 12 to illustrate a type I bilateral mortice joint formed by the embracing mammillary processes (MP) which are the 
posterior reflections off the superior articular process (IAP). The articular cartilage (AC) appears normal (LF) = ligamentum 
flavum. (Reproduced with permission from. Singer, K.P and Giles, LG.F. (1990) Manual therapy considerations at the 
thoracolumbar mortice joint. An anatomical and functional perspective. J. Manipulative Physiol. Ther, 13, 83- 88.) 


1990c). The mammillary process, located adjacent to 
the inferior articular process, may behave as a 
support for the zygapophysial joint. This concept was 
evident during 

were positioned in unilateral side posture trunk 
rotation; separation of the joint appeared to be 
limited according to the proximity of the nearby 
mammillary process (Singer et al . , 1989b). 

According to comparative anatomy reports by 
Vallois (1920) and Kaplan (1945), the mammillary 
processes are evident at the thoracolumbar junction 
in primates who adopt an orthograde position 
during ambulation. Both authors consider that these 
processes develop in response to the activity of 
multifidus which, from electromyographic studies 
performed by Donisch and Basmajian (1972), 
appears to behave as a stabilizer of adjacent verte- 
bral segments during rotary motion. If the multifidus 
acted as an antagonist to rotation at the thor- 
acolumbar junction, this would provide further 
support for the morphological role of the zygapo- 
physial joints to resist torsion. The laminar fibres of 
multifidus, which attach to the mammillary pro- 
cesses immediately below, would tend to act closer 
to the axial plane, whereas the fibres passing 
superiorly to the spinous process of the cranial 
segments, might function as a ‘brake’ to flexion 
coupled with rotation. This may further ensure that 
the joints remain relatively approximated, as a tactic 
to limit segmental mobility. 


Intra-articular synovial folds of 
zygapophysial joints 


Histologically, intra-articular synovial folds were dem- 
onstrated consistently in the thoracolumbar junction 
zygapophysial joints (Singer et al . , 1990d). This 
observation complements previous reports on zyga- 
pophysial joints of the cervical regions (Tondury, 
1940; Giles, 1986; Bland, 1992); thoracic (Ley, 1975); 
lumbar (Tondury, 1940; Dorr, 1958; Kirklaldy-Willis, 
1984), and lumbosacral junction (Giles and Taylor, 
1987). According to Tondury (1972), these intra- 
articular synovial folds act as deformable space-fillers 
which accommodate incongruities between the 
articular facets during normal joint motion. The 
relative change in configuration of the thoracolumbar 
junction zygapophysial joints may also account for 
differences in the morphology of these intra-articular 
synovial folds, as seen at the mid-joint level. Fibro- 
adipose folds were noted more in the frontal plane 
zygapophysial joints, which appeared suited to the 
marked translatory movements performed by these 
joints. In contrast, fibrous folds were more evident in 
the more sagittally orientated joints (Singer et al., 
1990d), occasionally showing histological evidence 
of fibrotic changes at their tips to suggest that they 
may have been compressed. This may occur due to 
sudden torsional forces, or compression, during joint 
approximation in flexion or extension postures. 
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Rudimentary ossification centres at 
the thoracolumbar junction 


The development of the thoracolumbar junction 
zygapophysial joints has often been associated with 
the appearance of vertebral process variants (Hayek, 
1932; Heise, 1933). Accessory ossification centres 
appearing adjacent to the spinous, transverse and 
mammillary-accessory processes are a relatively rare 
finding, found in approximately 1-2% of the popula- 
tions studied by Pech and Haughton (1985) and 
Singer and Breidahl (1990a). Rib anomalies are more 
frequently noted, and appear to be more common in 
men than women (Schertlein, 1928). At times these 
variations may be confused with fractures at the TLJ 
(Keats, 1979; Singer and Breidahl, 1990a) or contrib- 
ute to miscalculations of vertebral levels (Wigh, 
1980); the latter having significance when only 
lumbar spinal radiographs are used to estimate the 
level(s) for surgery (Wigh, 1979). 

Biomechanical considerations at 
the thoracolumbar junction 


Limitation to regional spinal and segmental motion 
occurs through a combination of the shape of the 
vertebral bodies, the thickness of the intervertebral 
discs, and the configuration of the zygapophysial 
joints (Fick, 1911; Pearcy, 1986). In the thoracic 
region, the almost vertical alignment of the zygapo- 
physial joints, together with the costovertebral joints 
and the splinting effect of the thoracic cage, pre- 
cludes any marked flexion tendency. Similarly, tho- 
racic rotation and extension is impeded by the 
constraint offered by the posteriorly projecting lam- 
ina and approximation of the spinous processes. The 
stabilizing role of the thoracic cage is lessened in the 
lower thoracic segments due to the greater mobility 
afforded by the floating ribs. 

Investigations by White (1969), Kazarian (1972), 
Markolf (1972) and Oxland et al. (1992), have been 
performed on cadaveric thoracolumbar vertebral 
columns to determine the mobility of these segments. 
The influence of variation in transitional patterns 
(Singer et al, 1989a) has been largely ignored. The 
typical finding from these studies has been the 
restriction in segmental mobility due to the changing 
morphology of the thoracolumbar junction zygapo- 
physial joints. Of these cadaveric studies, Kazarian 
(1972) drew attention to the idiosyncratic behaviour 
of the lower thoracic vertebral elements, particularly 
when loaded axially; he attributed this to the presence 
of the thoracolumbar junction mortice joint. Similarly, 
Markolf (1972) emphasized that torsional resistance 
was greatest at the thoracolumbar junction segments. 
Gregerson and Lucas (1967) examined mobility 


patterns throughout the thoracolumbar spine affixing 
instrumented Steinmann pins into multiple spinous 
processes of male volunteers. Although the general 
trend showed greatest rotation within the middle 
thoracic segments, and least within the lumbar levels, 
no attempt was made to examine the thoracolumbar 
junction region specifically. 

The change of zygapophysial joint configuration at 
the thoracolumbar junction has been considered by 
anatomists and clinicians as denoting an abrupt 
change in the mobility of these joints, particularly 
horizontal plane movements (Humphry, 1858; Levine 
and Edwards, 1987). In their summary of the lit- 
erature, White and Panjabi (1978) base mobility 
estimates for the last thoracic segment on extrapola- 
tions from adjacent lower thoracic and upper lumbar 
levels. However, the almost preferential patterns of 
rotation of the thoracic segments, and sagittal range 
in the lumbar region, reflect regional orientations of 
the TLJ zygapophysial joints (Davis, 1959; Gregerson 
and Lucas, 1967; Evans, 1982). The upper lumbar 
joints, through approximation of the articular sur- 
faces, also restrict mobility, particularly extreme 
extension (Davis, 1955; Singer, 1989), or flexion 
(Kummer, 1981); indeed, the posterior elements of 
the upper lumbar segments are positioned to afford 
stability in the plane of the intervertebral disc (Farfan, 
1983) and appear to minimize excessive torsional 
forces (Stokes, 1988). 

Computer tomography studies of subjects who 
were positioned in side posture rotation were used to 
consider the potential for segmental motion at the 
thoracolumbar junction (Singer et al., 1989b). These 
authors demonstrated ipsilateral compression, and 
contralateral separation, of the sagittally directed 
articular surfaces, whereas coronally directed joints 
tended to show translatory displacement of the 
articular facets (Singer et al., 1989b). Those subjects 
possessing a mortice type joint demonstrated little 
motion relative to adjacent segments (Figure 12.5). 

Other anatomical, developmental and degenerative 
mechanisms would act to increase resistance to 
torsional displacement, for instance the ingrowth 
into the ligamentum flavum by laminar spicules 
(Davis, 1955; Allbrook, 1957) and, in some instances, 
ossification of the ligamentum flavum (Kudo et al., 
1983; Maigne et al., 1992). The orientation of the 
laminar fibres of multifidus muscle may also serve to 
increase the axial 'stiffness' of the thoracolumbar 
junction (Donisch and Basmajian, 1972). 

The notion that axial plane rotation is restricted in 
the upper lumbar region, due to predominantly sagit- 
tal orientation of the zygapophysial joints, is not new. 
Hildebrandt (1816), and numerous commentators 
over the ensuing decades, have described lumbar 
inter-segmental rotation as minimal (Humphry, 1858; 
Lewin et al., 1962; Kummer, 1981; Farfan, 1983; Putz, 
1985). Rotation is induced through the displacement 
of adjacent vertebrae which produces lateral shear 
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Figure 12.5 Four examples of mortice joints atTl 1-12 and 
their respective influences on transverse plane rotation. The 
variable presence of mammillary process (white arrows) 
adjacent to the inferior articular process appear to block 
movement or to facilitate slight separation of the articular 
surfaces (black arrows). (Reproduced with permission from. 
Singer, K.R, Day, R.E. and Breidahl, P.D. (1989) In vivo axial 
rotation at the thoracolumbar junction: an investigation 
using low dose CT in healthy male volunteers. Clin 
Biomech., 4: 145-150.) 


forces within the intervertebral disc (Gregerson and 
Lucas, 1967), flexibility of the neural arch (Farfan, 
1983; Stokes, 1988) and, to a lesser extent, by com- 
pliance of the articular surfaces (Lewin etal., 1962). 

Vertebral extension at the 
thoracolumbar junction 


At the thoracolumbar junction, an approximated joint 
position is achieved when the thoracolumbar column 
is extended, as a result of the medial taper of the 
zygapophysial joints (Singer, 1989b) and the mortice- 
like’ configuration of the articular processes and their 
mammillary processes (Topinard, 1877). This approx- 
imation would act to ‘lock’ the thoracolumbar junc- 
tion segments (Davis, 1955). 

The tendency for the mortice joint to act as an 
axis', or pivot, can be demonstrated by loading 


autopsy vertebral columns into extension and then 
examining the alteration in spinal curvature in 
relation to the unloaded upright position. In the 
loaded posture, a noticeable discontinuity of the 
thoracolumbar curve at the junctional region 
appears. The significance of this finding appears to 
suggest that a close-packed position is achieved at the 
thoracolumbar junction when the inferior articular 
processes come into contact with the laminae of the 
vertebra below (Grieve, 1981). 

Mechanics of spinal injuries at the 
thoracolumbar junction 


The thoracolumbar junction has been the focus for 
many clinical and surgical reports, due to the high 
frequency of serious spinal trauma located within the 
lower thoracic and upper lumbar mobile segments 
(Rehn, 1968; Rostad et al. , 1969; Schmorl and 
Junghanns, 1971; Denis, 1983; Larson, 1986). In this 
context, the transition has been classically considered 
mechanically disposed to trauma; being less capable 
of attenuating axial and torsional stresses at a point of 
marked anatomical and mechanical change 
(Humphry, 1858; Macalister, 1889). The localization 
of injury to the TLJ has been attributed to the 
difference in mobility between the thoracic and 
lumbar regions, given the tendency, during rapid 
flexion, for the stiff’ thoracic segments to act as a 
long lever’ which pivots over the lumbar spine 
fulcrum (Jefferson, 1927; Levine et al., 1988). The 
majority of traumatic injuries at the TLJ involve the 
vertebral bodies, usually producing a compression or 
burst fracture (Rehn, 1968; Denis, 1983; Lindahl et 
al., 1983; Willen et al., 1990). 

Most descriptions of thoracolumbar junction inju- 
ries do not appear to have considered the influence 
that transitional variations of the zygapophysial joints 
might have in the mechanism of injury and the type of 
trauma sustained. Although limited by a small series, an 
abrupt transition pattern at the thoracolumbar junc- 
tion was shown to confine trauma to these segments, 
particularly when rotation was a known contributor to 
the injury mechanism (Singer etal., 1989c). 

Pathoanatomical relationships at 
the thoracolumbar junction 


Whether the thoracolumbar junction motion seg- 
ments were susceptible to stress resulting in early 
degenerative changes has been considered by a 
number of researchers. Of these, Veleanu et al. (1972) 
noted similar patterns of osteoarthritis in the lower 
thoracic and uper lumbar zygapophysial joints, and 
he proposed that these elements must sustain similar 
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stresses as the lumbar spine. Lewin (1964) had 
previously speculated that the thoracolumbar mor- 
tice joint morphology might predispose to the early 
development of osteoarthritis. In a preliminary study 
into the effects of zygapophysial joint osteoarthritic 
changes in macerated specimens, Malmivaara et al. 
(1987) noted that the more sagittally orientated joints 
showed greater signs of degeneration compared with 
more coronally disposed joints. However, a sub- 
sequent histological examination of hyaline articular 
cartilage by Singer et al. (1990c) failed to reveal any 
correlation between articular cartilage degeneration 
and tropism. Evidence suggested that zygapophysial 
joint tropism and the presence of a well developed 
mammillary process ensured the integrity of the 
articular surfaces (Singer et al., 1990c); mortice joints 
appeared, therefore, to act in a protective fashion. 

Davis (1955) suggested that the mortice joint 
morphology might act as fulcrum, localizing flexion 
forces and producing thoracolumbar junction verte- 
bral compression fractures, a theory which may also 
relate to the high frequency of vertebral end-plate 
lesions (Schmorl’s nodes) in this region (Resnick and 
Niwayama, 1978; Hilton, 1980). In the absence of 
marked torsional forces, usually producing fracture/ 
dislocation trauma, the thoracolumbar junction verte- 
bral bodies are susceptible to intravertebral disc 
herniation through the end plates. According to 
Malmivaara et al. (1987), these end-plate lesions 
appear most commonly in the lower thoracic verte- 
brae. The lower thoracic and upper lumbar zygapo- 
physial and costovertebral joints have been asso- 
ciated with a high frequency of osteoarthritis (Shore, 
1935; Nathan et al., 1964; Tan, 1993). Recent studies 
by Malmivaara and co-workers have concentrated on 
the pathologies involving the vertebral bodies and 
intervertebral discs of the thoracolumbar junction 
(Malmivaara, 1987; Malmivaara et al., 1987). Their 
reports on investigations of 24 cadaveric thoraco- 
lumbar spines and have described the pathoanatomic 
relationships between Schmorl’s nodes, costoverte- 
bral joint osteoarthritis, vertebral body osteophytosis, 
and intervertebral disc degeneration. They propose 
that patterns of thoracolumbar junction degeneration 
are closely linked to the transitional characteristics of 
the anterior and posterior elements depending on 
their respective capabilities for resisting torsional and 
compressive forces applied to this region; they 
describe a shift from anterior degenerative patterns in 
the low thoracic vertebrae, to posterior degeneration 
in the upper lumbar segments. 

Clinical anatomy of the 
thoracolumbar junction 


Multiple vertebral anomalies may be present at several 
transitional junctions (Kiihne, 1932; Schmor! and 


Junghanns, 1971; MacGibbon and Farfan, 1979; Wigh, 
1980; Singer, 1989a). These can be represented by, for 
example, transitional asymmetries in zygapophysial 
joint configuration, and rib and accessory ossification 
anomalies. Wigh (1979) noted that surgical patients 
with thoracolumbar, and or lumbosacral, transitional 
variations were more likely to have inappropriate 
surgery. In part, the problem associated with identify- 
ing the symptomatic level related to incorrect classifi- 
cation of accessory ossification centres and vestigial 
ribs (Singer and Breidahl, 1990a). 

Some pain syndromes appear to be specific to the 
thoracolumbar junction. For example, investigations 
reported by McCall et al. (1979) and Maigne (1980, 
1981) have suggested that irritation to the lateral 
branches of the dorsal rami from the thoracolumbar 
junction segments may be mistaken for low back pain 
syndromes, as these nerves are cutaneous over the 
buttocks and the region of the greater trochanter. 

Manual therapy recommendations about the 
mechanical capability and treatment of the thor- 
acolumbar junction mobile segments contrast with 
biomechanical data which indicates that this region 
acts to resist torsional forces (Singer et al, 1989b). 
Therefore, the appropriateness of the manipulative 
treatment of this transitional region may need to be 
reappraised (Singer and Giles, 1990). 

Using mechanical evidence, Markolf (1972) has 
suggested that the first segment above the transitional 
level with coronally orientated zygapophysial joints 
would be more susceptible to torsional stress. This 
speculation could not be confirmed within the 
context of a preliminary study of thoracolumbar 
junction spinal injuries (Singer et al., 1989c). How- 
ever, clinical evidence shows that thoracic disc 
herniations appear more frequently in the lower 
thoracic segments compared with the middle and 
upper thoracic region (Ryan et al., 1988). In slight 
contrast, using an unselected sample of cadaveric 
cases, the trend showed both middle and lower 
segments to be equally affected by prolapse (Craw- 
ford, 1994). The incidence of thoracic discal hernia- 
tion is approximately 4% (Bury and Powell, 1989); 
however, the relationship between level of lesion and 
the nature of the thoracolumbar junction transition 
has not been explored comprehensively. Mechanical 
factors are, according to Russell (1989), often impli- 
cated in the production of thoracic disk symptoms. 

Intra-articular synovial folds have been demon- 
strated in the superior and inferior joint recesses of 
the thoracolumbar junction zygapophysial joints and, 
less commonly, at the middle third of the joint (Singer 
et al., 1990d). The presence of free nerve endings in 
the substance of similar synovial folds within lower 
lumbar zygapophysial joints have been recorded by 
Giles and Taylor (1987). Using immunohistology 
techniques to study these nerves, Giles and Harvey 
(1987) showed the presence of small substance P 
immunofluorescent nerves in the synovial folds of 
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human lumbosacral zygapophysial joints. Therefore, 
it may be assumed that compression or traction of 
intra-articular synovial fold structures could produce 
pain. The variable morphology of the thoracolumbar 
junction and zygapophysial joints is reflected in the 
type and location of intra-articular synovial folds 
(Singer et aL, 1990d). Therefore, forceful manual 
therapy techniques which compress or apply torsion 
to these joints may provoke symptoms. Similarly, the 
pain centralization phenomenon described by Donel- 
son et al. (1990), following repeated or sustained 
thoracolumbar extension, may well evoke symptoms 
from the zygapophysial joints due to the compression 
of intra-articular structures. 

From the foregoing discussion, it would appear 
that conservative treatment of painful disorders 
arising from the thoracolumbar junction may be 
appropriate over some of the recommended mechan- 
ical therapies (Grieve, 1981; Singer and Giles, 1990). 
The clinical impression advanced by Lewit (1986) 
that the thoracolumbar junction is designed for 
rotation appears to contradict the anatomical and 
biomechanical studies reported on this region 
(Singer, 1989b; Singer et al., 1989b). 

A review of the anatomy of the thoracolumbar 
junction reveals that, in a majority of individuals 
studied, the thoracolumbar junction exhibits features 
which attempt to gradually change the anatomy from 
thoracic to lumbar type in an area of considerable 
morphological and functional variation. This is ach- 
ieved primarily through a gradual transition in the 
configuration of the zygapophysial joints. This finding 
challenges the notion that the thoracolumbar junc- 
tion is necessarily a 'weak point’ of the vertebral 
column. It was evident that the conventional descrip- 
tion of an abrupt transition produced a more demar- 
cated pattern of segmental rotation and that this 
transition type was associated with a higher propor- 
tion of severe spinal injuries. 

The thoracolumbar junction represents the most 
variable of the vertebral transitional junctions in 
terms of zygapophysial joint orientation, asymmetry, 
and in the segmental level of transition. The mortice 
arrangement at theTl 1-12 andT12-Ll zygapophysial 
joints appears to restrict rotation and extension. 
Assessment procedures, and any manual therapy 
interventions, should consider these issues for the 
effective management of patients with mechanical 
disorders of the thoracolumbar transition. 
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Miscellaneous pathological and developmental 
(anomalous ) conditions 

L.G.F. Giles 


This chapter will review the following conditions viz: 
tethered cord, Baastrup’s disease, nnunited ossifica- 
tion centres of articulating processes, transitional 
lumbosacral vertebrae, ligamentum flavum hyper- 
trophy, pars interarticularis defects, spondylolisthe- 
sis, and facet tropism. The incidence of these 
conditions and their association with mechanical 
back pain will be reported. 


Tethered cord syndrome 


The tethered cord is defined as a low state of the 
conus medullaris below the second lumbar vertebra 
after the neonatal period. This tethering results in 
stretching as growth occurs (Kavukcu el al . , 1993). 
The normal filum terminale, which is usually less than 
2 mm thick, is a 20 cm long delicate fibrous con- 
nective tissue structure which descends from the 
apex of the conus medullaris, and its proximal 
5-6 mm contains the central canal. The cranial 15cm 
of the filum terminale, the filum terminale internum, 
is surrounded by tubular extensions of the dural and 
arachnoid membranes and reaches as far as the lower 
border of the second sacral vertebra (S2). Beyond 
this, its final 5 cm, the filum terminale externum, is 
closely united with the investing sheath of dura 
mater, and it descends to become attached to the 
dorsal aspect of the first coccygeal segment (Williams 
and Warwick, 1980; Sarwar et al., 1984). 

Because skeletal growth is greater than neural 
growth, the conus medullaris of the spinal cord 
normally migrates from the tip of the coccyx in the 
fetus at 3 months to the upper border of the third 
lumbar vertebra at birth, the level of the second 
lumbar vertebra by 5 years, and the lower border of 
the first lumbar vertebra by adulthood (Reinmann 


and Anson, 1944; Keim and Kirkaldy-Willis, 1987; 
Bullough and Boachie-Adjei, 1988). When the conus 
medullaris does not migrate cephalad, the tethered 
cord may occur, some possible causes of which are a 
short thickened filum terminale, fibrotic ligaments, or 
intradural lipomas (Weissert et al., 1989; Kavukcu et 
al., 1993; Chong et al., 1994; Reigel et al., 1994; 
Wakata et al., 1994). 

The tethered cord syndrome is produced by 
traction of the lumbosacral spinal cord (Horton et al, 
1989) and can be associated with spinal dysraphism 
(Flanigan et al., 1989) in which a short, thickened 
filum terminale prevents the ascent of the conus 
medullaris, and intraspinal lipoma causes compres- 
sion upon the caudal part of the spinal cord 
(Compobasso et al., 1988). However, according to 
Sarwar et al. (1984), the origins of the primary 
tethered cord syndrome have not been satisfactorily 
explained and the syndrome is an entirely different 
entity from overt myelomeningocele and associated 
Arnold -Chiari type II malformation. They postulate 
that primary tethered cord syndrome is a manifesta- 
tion of local dysmorphogenesis of all three germ 
layers at the lumbosacral area, possibly triggered by a 
haemorrhagic, inflammatory, or other local lesion 
occurring in embryogenesis. 

The primary tethered cord syndrome, and spinal 
dysraphism, i.e spina bifida (in which there is failure 
of the posterior walls of the vertebral canal to meet), 
which frequently present with clinical symptoms 
during infancy, childhood and adolescence, are rarely 
encountered in adults (Adams, 1968; Zumkeller et al., 
1989) However, generally accepted features of the 
syndrome can include presentation at any age with a 
clinical spectrum including backache, sensorimotor 
deficit, bladder and bowel dysfunction, leg atrophy, 
foot deformity, and scoliosis (Sarwar et al., 1984; 
Weissert et al, 1989). Radicular pain, apparently 
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restricted to a single dermatome and mimicking 
lumbar disc disease, is seldom seen (Piatt and 
Hoffman, 1987b). In some cases, no skin changes can 
be detected over the affected area (Bode et aL, 1985), 
and it should be noted that there is some controversy 
regarding the importance of spinal anomalies being 
associated with tethered cord syndrome. According 
to Beeger and Roos (1989), the tethered cord 
syndrome occurs regularly in patients with spina 
bifida occulta and spina bifida aperta but, according 
to James and Lassman (1981) and Piatt and Hoffman 
(1987b), spina bifida at L5 or SI is so common in the 
general population, with a prevalence of 5-36%, that 
it carries no specificity of tethered spinal cord and it 
can be considered an anatomic variant of normal that 
rarely causes serious pain problems in adult life (Keim 
and Kirkaldy-WiUis, 1987). However, according to 
Avrahami et al. (199 4), spina bifida occulta of SI is 
not an innocent finding as patients with this condi- 
tion have a higher incidence of posterior inter- 
vertebral disc herniation which increases with age. 

Spina bifida is a congenital malformation which 
occurs during the first weeks after conception 
(Gabay et al., 1989) due to posterior cleavage of the 
vertebral arch; when only the bony elements are 
involved the condition is referred to as spina bifida 
occulta but where the meninges and/or the spinal 
cord are affected (0.2% of the population), the 
condition is known as spina bifida cystica (myelodys- 
plasia) (Bullough and Boachie-Adjei, 1988). 

In normal humans, lumbar nerve roots exhibit a 
downward oblique course. However, in primary 
tethered cord syndrome, caudal nerve root angula- 
tion may be horizontal or upward-slanting (Sarwar et 
al., 1984). The spinal cord is a viscoelastic tissue with 
limited elasticity, and traction at the cauda equina 
causes elongation predominantly in the lumbosacral 
cord (Sarwar et al., 1983; Tani et al., 1987). This is 
supported by the investigations of Reimann and 
Anson (1944), Barry et al. (1957), Emery and Naik 
(1968), and Naik and Emery (1968), who have shown 
that, in clinical and experimental cases of cord 
tethering, the maximal elongation occurs in the 
lumbosacral cord. The confinement of stretch to the 
lumbosacral cord may suggest a bracing action of the 
dentate ligaments in the lumbar region (Emery and 
Naik, 1968; Tani et al., 1987) as seen in the cervical 
region (Emery and Naik, 1968). In an experimental 
study of the pathophysiology of spinal cord traction 
in dogs, Fujita and Yamamoto (1989) found that 
traction caused vulnerability' of the spinal cord to 
compression and concluded that tethered cord syn- 
drome is caused by impairment of the spinal cord and 
lumbosacral roots due to traction. 

In this syndrome, the degree of clinical neurologic- 
deficit and the surgical outcome (Hoffman etal., 197 6; 
Linder et al., 1982; Pang and Wilberger, 1982) are 
probably related to (i) tolerance to stretch of the 
neural tissue in each individual, (ii) locomotion (neck 


flexion stretches lumbar nerve roots and can exacer- 
bate pain in primary' tethered cord patients), and (iii) 
the length of time the cord has been subjected to the 
abnormal stretching. The greater the percentage of 
elongation of the spinal cord the greater the impair- 
ment of the oxidative metabolism in the lumbosacral 
cord and the severity of neurological deficit (Tani et 
al., 1987). 

Giles (1991) examined the prevalence of tethered 
cord in 50 cadavers, aged 35-92 years (mean = 64 
years); 36 males and 14 females, in which lumbosac- 
ral spines were carefully removed during routine 
autopsy examinations. One example of tethered cord 
was found and is presented here. 

Of the 50 spines radiographed, five (10%) (three 
males; two females) were found to have spina bifida 
occulta at the L5 level (two specimens ) or SI -2 level 
(three specimens). However, only one set of radio- 
graphs showed spina bifida occulta involving the SI 
and S2 levels in conjunction with an enlarged spinous 
process of the fifth lumbar vertebra (Figure 13.1). 

Lateral view radiographs and the corresponding 
bisected spines of the lumbosacral level of this 
specimen clearly show the enlarged spinous process 
of L5 (Figure 13 2). The gross anatomical specimen 
shows that the conus medullaris terminates at the SI 
level and that some of the nerve roots run cephalad 
from the tethered spinal cord. 

Part of the histology of the right side of the 
lumbosacral level showing the tethered cord is 
shown in Figure 13. 3. 

This case of tethered cord, in which the spinal cord 
terminates at the SI level in a 78-year-old male cadaver 
with no evidence of surgical intervention or record to 
indicate any neurological dysfunction, indicates that a 
tethered cord should be considered as a possibility in 
patients whose plain film radiographs show spina 
bifida occulta. When neurological signs and symp- 
toms indicate such a possibility, plain CT or MR1 
should be performed (Gado et al., 1984; Beeger and 
Roos, 1 989) in order to establish the exact dimensions 
of the subarachnoid space around the cord in case a 
pattern suggestive of a tethered cord is shown. Even 
though the inability of CT without contrast to show 
anatomical structures inside the lumbar dural sac is 
well known (Caverni et al., 1987), McLendon et al. 
(1988) suggest that fatty tissue in the area of the filum 
may be an indicator for tethering of the spinal cord, 
although Raco et al. (1987) consider CT diagnostic 
investigation for tethered cord syndrome should be 
performed with contrast medium. However, MRI 
makes it easier to detect anomalies associated with 
spina bifida (Beeger and Roos, 1989) and MRI findings 
are very important for a clear understanding of the 
tethered cord process and preoperative evaluation of 
potential sites of tethering (Tamaki et al. , 1988), while 
MRI has the advantage of no radiation and no contrast 
administration is necessary; also the production of 
sagittal images, or images in any other plane, can be 


Copyrighted Material 



198 Clinical Anatomy and Management of tow Back Pain 


obtained without loss of anatomical detail (Piatt and 
Hoffman, 1987b) making MRI the procedure of 
choice (Chong et ai, 1994; Wakata et al., 1994). 

According to Roy et al. (1986), imaging procedures 
and urodynamic studies are useful for establishing a 
diagnosis, while electrophysiological recording of 


“ »3 R 


posterior tibial nerve somatosensory evoked poten- 
tial offers a sensitive diagnostic tool for the detection 
of the development of neurological deficits in 
patients with tethered cord syndrome. 

It should be remembered that the onset of teth- 
ered cord syndrome in a 28-year-old male (Fain et 



Figure 13.1 Lateral and posteroanterior radiographs of a 78-year-old male cadaver showing the enlarged spinous process 
(tailed arrow) of the fifth lumbar vertebra (L5). The posteroanterior view also shows the sacral spina bifida occulta (white 
arrow heads >). Both views show fractures of the L5 pars interarticulares (arrow) which are seen more clearly in Figure 13.2. 
(Reproduced with permission from Giles, L.G.F. (1991) Review of tethered cord syndrome with a radiological and anatomical 
study: case study Surg Radiol. Anat., 13, 339-343. Copyright Springer-Verlag.) 
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at, 1985) a 40-year-old male (Wakata et ai, 1994) 
and 11 other adults (Chong et al. , 1994) confirms 
the finding of Kaplan and Quencer (1980) that this 
syndrome is not restricted to children and adoles- 
cents and that, in adults, neural structures already 
taut due to a tethered cord may only cause symp- 
toms with the development of spondylosis and 
hypertrophied zygapophysiaJ joint facets which fur- 
ther compromise the neural structures (Sostrin et 
al., 1977), that is, as a result of injury with asso- 
ciated degenerative changes leading to mechanical 
back pain. Furthermore, James and Lassman (1962) 
reported that a 67-year-old patient, who had no 


neurological abnormality or deformity, was found at 
autopsy to have a cord tethered at L5. Thus, these 
documented findings, coupled with the fact that the 
78-year-old male cadaver in this study did not 
undergo surgery for tethered spinal cord, suggest 
that this condition should be considered in the 
differential diagnosis of adult patients who have 
radiological evidence of spina bifida. 

When tethered spinal cord causes a disturbance of 
neuronal physiology, this can usually be remedied by 
appropriate surgical techniques (Piatt and Hoffman, 
1987a). The incidence of tethered cord in adults is 
unknown at this time. 



Figure 13.2 Radiographs showing the left (I.) and right (R) halves of the lower lumbosacral spine (L5, SI and S2 spinal 
levels) following its bisection in the median plane. The large spinous process (S) of L5 is clearly shown, as are the left 
and right pars interarticularis defects (arrows). The corresponding anatomical structures are shown for each radiograph. 
Note that the conus medullaris terminates at the SI level and that some of the spinal nerve roots run in a cephalad 
direction The rectangle shows the region from which the histological section in Figure 13 3 was obtained (Reproduced 
with permission from Giles, L.G.F. (1991) Review of tethered cord syndrome with a radiological and anatomical study: 
case study Surg. Radiol Anal, 13, 339-343. Copyright Springer-Verlag.) 
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Figure 13-3 A 200 pm thick histological section through part of the right lumbosacral intervertebral joint and the adjacent 
tethered cord IVD = intervertebral disc; SL = sacral lamina; D = dural tube; I. = ligamentum flavum; B = Batson's venous 
plexus, L5 = Fifth lumbar vertebral body; SI = first sacral body; SC = spinal canal; W = white matter; G = gray matter; R = nerve 
root trunks of cauda equina running cephalad. Arrow shows part of the filum terminale. 


Knife clasp deformity 


The radiographs in Figure 13-1 also demonstrate a 
radiographic example of the knife clasp deformity in 
which spina bifida occulta is associated with an 
increased vertical dimension of the fifth lumbar 
spinous process (Rich, 1965a, b; Starr, 1971; Guebert 
et at . , 1987). During extension of the lumbar spine in 
such patients, the enlarged spinous process may 
invade the sacral neural canal resulting in the knife 
clasp syndrome, with symptoms varying with the 
degree of invasion (Rich, 1965b). 

In Giles' (1991) cadaveric study, 1 out of 50 (2%) 
lumbosacral spines showed the knife clasp deformity'. 

Interspinous osteoarthritis 
(Baastrup’s disease) 


Baastrup (1933) described a clinical syndrome in 
which the lumbar spinous processes impinge upon 
each other in lumbar extension - the so-called kissing 
spines', which leads to interspinous periostitis and 
osteoarthritis (see Figure 18.4). 


This clinical syndrome can occur due to (i) an 
increase in the normal lumbar lordosis, and (ii) 
enlargement of the superior to inferior dimensions of 
a spinous process, both of which may produce 
approximation and contact of the tips’ of the spinous 
processes, which can result in trauma and injury to 
the interspinous tissues with bursa formation (Ander- 
son, 1983), as well as the formation of osteoarthrosis 
showing sclerosis and osteophytosis (Schmorl and 
Junghanns, 1971; Epstein, 1976). Free nerve endings, 
conforming with the generally accepted morphology 


Figure 13.4 Radiograph of the anatomical specimen shown 
in Figure 13 5. The elongated fifth lumbar spinous process 
articulates with the adjacent sacral tubercle (arrow). Sclero- 
tic changes are noted at the tip of the Fifth spinous process 
and the adjacent sacral tubercle. Thinning of the lumbosac- 
ral intervertebral disc space is noted with a minor osteo- 
phytic spur on the sacral promontory, minor subluxation of 
the L5-S1 facet surfaces with associated changes consistent 
with sclerosis and eburnation of the superior and inferior 
articular processes and pan of the pedicle. The left 
lumbosacral intervertebral canal foramen’ shows more 
encroachment by the osteoarthritic superior articular pro- 
cess of the sacrum than does the right. (Compare with 
Figure 6 7, sacral articular facets ) 
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Figure 13.5 Anatomical specimen of the sagittally sectioned spine shown radiographically in Figure 1 3-4. Note the 
approximation of the elongated fifth lumbar spinous process and the adjacent sacral spinous tubercle, in spite of the normal 
lumbar lordosis in this 70-year-old female. The L5 intervertebral disc shows degenerative changes which include (i) anterior 
'bulging' of the disc, and (ii) posterior herniation of the disrupted nucleus pulposus which has elevated the posterior 
longitudinal ligament above and below this disc level 


Copyrighted Material 





Miscellaneous pathological and developmental (anomalous) conditions 203 


R L 





Figure 13-6 Radiograpli of a 62-year-old male showing ununitcd secondary ossification centres adjacent to (a) the right 
inferior articular process of I s vertebra, and (b) the left inferior articular processes of L2, L3, and L5, respectively 
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of pain receptors, have been demonstrated in the 
interspinous ligament by Yahia et al. (1988) thus 
providing one mechanism for nociception when the 
interspinous ligament is pinched, causing pressure 
damage and chronic mechanical low back pain 
(Epstein, 1976; Woo, 1987; Beks, 1989; Beckers and 
Bekaert, 1991). 

A radiographic example of a fifth lumbar spinous 
process which has an elongated superior to inferior 
dimension, and which articulates with the spinous 
tubercle of the sacral median crest, is shown in Figure 
13.4 The kissing’ of these osseous structures has lead 
to sclerotic changes with some eburnation in this 
70-year-old female. 

Figure 13 5 shows the sagittally sectioned spine, 
from the thoracolumbar junction to, and including, 
the sacrum in this 70-year-old female. The lumbar 
lordosis is within normal limits but the excessive 
superior to inferior elongation of the fifth lumbar 
spinous process has resulted in its inferior margin 
articulating with the adjacent spinous tubercle of the 
sacral median crest, as shown in the radiograph of this 
specimen (Figure 1 3.4). Compare with Figures 3 5 and 
3.6 which show fifth lumbar spinous processes with 
normal superior to inferior dimensions. 

Normal spinous processes are covered by perios- 
teum but, according to Bywaters and Evans (1982), 
bursae develop between the kissing spinous pro- 
cesses as a result of a repeated shearing movement, 
frequently in older people (Francois et al., 1985). 
However, according to Hadley (1964), kissing spi- 
nous processes destroy the interspinous ligament and 
bumper-fibrocartilage can develop where the spinous 
processes are subjected to intermittent pressure, and 
only an adventitious bursa may develop. 

According to Hadley (1964), Schmorl and Jung- 
hanns(1971), and Epstein (1976), this impingement of 
adjacent spinous processes can cause chronic and 
sometimes severe pain, which may be aggravated by 
rotational movement or bending forward or backward. 
Patients should be advised to avoid activities which 
cause hyperlordosis of the lumbar spine and to avoid 
poor posture. The incidence of this condition is 
thought to be approximately 20% in the elderly adult 
population (Dr P Breidahl, 1995, personal commu- 
nication) 

Ununited ossification centres of 
articulating processes 


Three ossification centres are found in each vertebra, 
one for the body and two for the arch; the arch 
centres appearing earlier than the vertebral body 
centres, except in the lower thoracic and upper 
lumbar regions where the body centres appear first as 
described in detail by Rickenbacher et al. (1982). 
Additional accessory ossification centres (apophyses) 


appear in children aged 11-14 years on the articular 
processes and the tips of the spinous and transverse 
processes as well as on the mamillary and accessory 
processes (Schmorl and Junghanns, 1971; Ricken- 
bacher et al., 1982). These small accessory ossifica- 
tion centres develop at the cartilaginous tips of the 
individual arch processes, covering them like a cap, 
at first separated from the tips of the processes by 
cartilage which then gradually disappears; normally 
the accessory ossification centres unite completely 
with the osseous processes at about the completion 
of spinal growth at approximately 25 years of age 
(Schmorl and Junghanns, 1971). The apophyses at the 
tips of the superior and inferior articular processes 
can remain separated from the articular processes by 
a fine cleft and the majority are located at the inferior 
articular processes (Schmorl and Junghanns, 1971). 
These anomalous variants (Keats, 1973) are shown in 
Figure 13.6, a radiograph of a sagittally bisected spine 



Figure 13-7 A 200 pm thick histological section cut in the 
parasagittal plane through the right L4 and L5 intervertebral 
levels showing an ununited secondary ossification centre 
(OC) adjacent to the inferior articular process in a 62-year- 
old male. Note the cleft between these two structures which 
is lined by cartilage at this level H = hyaline articular 
cartilage of end-plate (arrow) and osteoarthritic hyaline 
articular cartilage on facet surfaces, IAP4 = inferior articular 
process of fourth lumbar vertebra; 1AP5 = inferior articular 
process of 1.5; L = ligamentum flavum; L4 = fourth lumbar 
intervertebral disc; L5 = fifth lumbar intervertebral disc; N = 
neural structure, NV = neurovascular structures; S = synovial 
fold; SI = first sacral segment; SAP = superior articular 
process of sacrum. 
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Figure 13.8 A 200 pm thick histological section cut in the 
parasagittal plane through the lelt L2 and L3 levels showing 
an adjacent ununited secondary ossification centre (arrows) 
which has become partly fused with the adjacent inferior 
articular process posteriorly, but not interiorly where a small 
cleft is noted between these two structures; the cleft is lined 
by cartilage D = intervertebral disc; H = hyaline articular 
cartilage; IAP = inferior articular process of second lumbar 
vertebra (1.2); l = ligamentum flavum; 1.3 = third lumbar 
vertebra; N = neural structure; P = pedicle; SAP = superior 
articular process of fourth lumbar vertebra. Tailed arrow 
indicates a tibrolic synovial fold projecting from the 
superior recess of the joint towards the joint 'space'. 


(eleventh thoracic to second sacral levels) of a 62-year- 
old male. Ununited secondary ossification centres are 
seen in close proximity to (a) the right inferior 
articular process of the fourth lumbar vertebra, and (b) 
the left inferior articular processes of the second, third 
and fifth lumbar vertebrae, respectively. 

Histological sections showing the ununited 
secondary ossification centres at the right 14, and 


left L2 levels are shown in Figures 13 7 and 13.8, 
respectively. 

The incidence of ununited secondary ossification 
centres of the articular processes is thought to occur 
frequently’ (Hadley, 1964) but their possible role in 
mechanical back pain must remain speculative, as it is 
not known if they cause pain (Schmorl and Jung- 
hanns, 1971). 


Transitional lumbosacral vertebrae 


Transitional vertebrae occur at regions of the spine 
where the morphological characteristics of the verte- 
brae normally change markedly from one region to 
the next, i.e., lumbosacral, thoracolumbar and cervi- 
cothoracic regions (Guebert et at., 1987). When the 
L5 vertebra is partly or completely incorporated into 
the sacrum, the condition is known as hemisacraliza- 
tion or sacralization, respectively; when the SI 
vertebra is more or less separated from the sacrum 
and is partly or completely fused with the L5 vertebra 
the condition is known as lumbarization of the SI 
vertebra (Moore, 1992) A change in the number of 
mobile vertebrae in the lumbar spine is a significant 
vertebral anomaly that can cause low back pain 
(Keim and Kirkaldy-Willis, 1987) and as shown in 
Figure 13 9, osteoarthritic changes can occur 
between the enlarged transverse process of the 
presacral segment and the sacral ala (Resnick, 1985; 
Guebert et al., 1987). 

The histology of part of this bilateral lumbarization 
is shown in Figure 13.10, and it can be seen that 
cartilage has developed between these pseudoarti- 
culations. 

The incidence of transitional lumbosacral vertebrae 
is 4-8% of the general population (Elster, 1989). 
Lumbosacral transitional vertebrae can be associated 
with mechanical back pain, possibly because of 



Figure 13-9 Trimmed block of osteoligamcnlus tissues, photographed in the posteroanterior position, showing (i) bilaterally 
enlarged transverse processes of the last presacral vertebra articulating with the lateral mass of the sacrum, i.e. lumbarization 
of the presacral segment (arrows), and (ii) small anomalous diarthrodial zygapophysial joints (Z). Note the osteoarthritic 
changes which are seen as sclerosis of the anomalous articulations S = sacral segment 
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Figure 13.10 A 200 qni thick histological section cut in the horizontal plane through the level of the bilateral lumbarization 
of a 35-year-old male (see broken line in Figure 1 3 9). The arrows show the hyaline articular cartilage lining these anomalous 
joints between the enlarged transverse process of the presacral lumbar (LUM) segment and the sacral ala (SA). On the right 
side, fibrillation of the cartilage indicates osteoarthritic changes. C = cauda equina in the dural tube; D = intervertebral disc 
(rudimentary) at the presacral joint; I = ilium;JC = fibrous joint capsule of the right small zygapophysial joint of this anomalous 
presacral segment - both zygapophysial joints have osteoarthritic hyaline articular cartilage; L = lamina 
N = neural structures; S = first sacral segment; SF = sacral foramen. (Ehrlich s haematoxylin and light green counterstain.) 


osteoarthritic degenerative changes within the anom- 
alous joints. Disc bulge or herniation is extremely rare 
at the interspace below the transitional vertebra but, 
when it occurs, is nearly nine times more common at 
the interspace immediately above the transitional 
vertebra than at any other level, and spinal stenosis 
and nerve root canal stenosis occur more commonly 
at or near the interspace above the transitional 
vertebra (Elster, 1989). 


Ligamentum flavum 


In young persons the ligamenta flava bulge little or 
not at all into the spinal canal, but with advancing age 
the ligamenta flava sometimes undergo liquefaction 
necrosis and oedema in association with disc 
degeneration and spondylosis, and this can be a 
contributory factor in the sciatica of some patients 
who have normal-sized spinal canals (McRae, 1977) 
as the hypertrophy can cause spinal stenosis. 

Lumbar 

narrowing of the lumbar spinal canal, or regions 
thereof, and has a large variety of causes and is due 
to congenital stenosis or acquired stenosis (Penning, 


1992). The initial work describing the importance of 
spinal stenosis as a cause of neural dysfunction was 
by Verbiest (1954). The most common cause of 
spinal stenosis is zygapophysial joint facet osteoar- 
thritis with hypertrophy and thickening of the 
ligamentum flavum, while other causes are synovial 
cysts (Jackson et al., 1989), spondylotic spurs (Teng 
and Papatheodorou, 1963), vertebral misalignment 
and trauma, bony expansile lesions (Herzog et al., 
1991, Ross et al., 1987; Weisz, 1983) and inter- 
vertebral disc herniation. 

The ligamentum flavum can undergo hyperplastic 
change with replacement of the normal yellow elastic 
tissue with white fibrous tissue containing calcareous 
deposits (Spurling et al., 1937). Furthermore, it can 
become thickened, buckled inward, depressed by 
enlarged or overriding laminae, or incorporated into 
articular osteophytes at the site of its attachment to 
the zygapophysial joint capsule (Weinstein et al., 
1977). Ligamentum flavum thickening may result in a 
width ranging from 4 to 8 mm (Love and Walsh, 1940; 
Pennal and Schatzker, 1971) which can cause spinal 
canal stenosis. 

According to Dockerty and Love (1940). in the case 
of thickened ligamentum flavum, there is no true 
hypertrophy but rather thickening and fibrosis, and 
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Figure 13.11 A 200 Mil] thick histological section cut slightly obliquely in the horizontal plane showing hypertrophy of 
the ligamentum flavum (LF) on the left side of this lumbosacral joint from a 76-year-old male. The hypertrophy in this 
specimen caused considerable stenosis of the spinal canal, as shown, as well as stenosis of the lateral recess. Large 
osteophytes (arrows) on the left and right inferior articular processes of the L5 vertebra are seen adjacent to the facets. 
D = dural tube; H = hyaline articular cartilage on the zygapophysial joint facet surfaces. (Ehrlich's haematoxylin and light 
green counterstain.) 


according to Farfan (1978) ligamentum flavum thick- 
ening is a natural sequel of the shortening of an 
elastic structure. Nachemson and Evans (1968) state 
that an increase in width of the ligamentum flavum is 
always secondary to severe disc degeneration. Thick- 
ening of the ligamentum flavum due to disc thinning, 
with approximation of the pedicles and subluxation 
of the zygapophysial joint facets, can lead to com- 
promise of the nerve root in the intervertebral 
foramen as demonstrated by Hadley (1951) and Giles 
(1994) (see Figure 6.4). 

An example of hypertrophy of the ligmentum 
flavum at the lumbosacral level of the spine of a 
76-year-old male is shown in Figure 13.11. 

Patients with lumbar spinal canal stenosis may 
present with a variety of clinical symptoms, including 
back pain, radiculopathy, and neurogenic claudica- 
tion (Herzog etal., 1991) The initial size of the spinal 
and intervertebral canals is an important factor in 
determining whether degenerative changes will 
cause neural impingement or compression (Herzog, 
1990). 

As noted by Singer el al. (1990), in a study of intra- 
articular synovial folds of thoracolumbar junction 
zygapophysial joints, the ligamentum flavum passing 
around the anteromedial margin of lumbar zygapo- 
physial joints can also occasionally be penetrated by 


an extension of epidural fat extending through the 
ligamentum flavum. An example of this is shown in 
Figure 13.12 but whether it has clinical significance 
in mechanical back pain is unknown. 


Pars interarticularis defect 


A pars interarticularis defect, or isthmus defect, is 
frequently due to a stress fracture causing a cleft in 
the vertebral arch. It occurs in 5-7% of Caucasians 
(Wolfers and Hoeffken, 1974) and is also known as 
isthmic spondylolysis (Herzog, 1990). Spondylolysis 
can be a unilateral or bilateral defect in the vertebral 
isthmus and has no associated vertebral body slip- 
page (Keim and Kirkaldy-Willis, 1987) and is often 
asymptomatic. 

The pars interarticularis cross-sectional area nor- 
mally shows a gradual increase from LI (approx- 
imately 62 mm 2 ) to L4 (approximately 81 mm 2 ) and 
1.5 (approximately 82 mm 2 ) (Panjabi et al . , 1992). 
However, the pars interarticlaris width, and therefore 
cross-sectional area, may vary considerably in size 
from one vertebra to the next and between paired 
interarticulares at a given spinal level (Figure 13.13), 
presumably affecting the strength of individual pars 
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Figure 13.12 Histological section cut in the horizontal plane through the lumbosacral zygapophysial joint of an 83-year-old 
male The ligamentum flavum (LF) is separated at this level by a herniation' of epidural fat (arrow) through the ligament The 
ligamentum flavum has also become separated from the superior articular process (SAP) of the lumbosacral zygapophysial 
joint. C = cauda equina within the dural tube (D); N = spinal ganglion, S = synovial fold (fibrotic) projecting into the joint from 
the fibrous capsule. (Ehrlich’s haematoxylin and light green counterstain.) 


Figure 13.13 Left and right posterior oblique view radiographs of a 17-ycar-old male which show that there can be 
considerable variation in size between the paired pars interarticulares at a given level. At LI, there is a pars interarticularis 
width of 9mm on the right side, whereas the width is 16 mm on the left side The short lines on the right view show how 
and where the measurements were made. 
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Figure 13.14 Bilateral fractures of the pars interarticularis 
of the fifth lumbar vertebra are seen superimposed on this 
lateral view radiograph of a 78-year-old male. There is 
spondylolysis with virtually no forward displacement of the 
L5 vertebral body on the sacrum, A histological section from 
the area within the rectangle is shown in Figure 13 15 



Figure 13-15 A 200 pm thick histological section cut in the parasagittal plane from the rectangle shown on the radiograph 
in Figure 13-14. This includes the right pars interarticularis (isthmus) defect (white arrow) which has developed 
fibrocartilagenous type tissue on both bony surfaces. There is no true hyaline articular cartilage but there is some fibrous tissue 
crossing the pars defect There is a distinct cortex on each side of the isthmic defect C = fibrous joint capsule (disrupted); 
D = intervertebral disc; H = hyaline articular cartilage; IAPL5 = inferior articular process of 5th lumbar vertebra; L = 
ligamentum flavum (disrupted due to the pars defect); 1.4 = inferior articular process of 4th lumbar vertebra; M = muscle; N 
= neural structures within the intervertebral canal; P = pedicle of L5; SI = first sacral segment. Black arrow shows synovial 
fold, (Ehrlich's haematoxylin and light green counterstain.) 
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Figure 13.16 The arrows show the bilateral isthmus defect and that there is a grade I spondylolisthesis of L5 on SI The 
degree of spondylolisthesis is found by dividing the sacral base into four equal parts, as shown, then noting where the 
posterior part of the vertebral body is located in relation to these parts as suggested by Meyerding (1932). Some anterior 
bulging of the L5-S1 intervertebral disc (D) is seen as a soft tissue shadow in this 25-year-old male. See Figure 1} 18 for 
possible neural involvement 
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interarticulares. A pars interarticularis defect (or 
isthmus of the vertebral arch) is best seen on 45 
degree oblique view radiographs (Figure 13.13). 

Historically, controversy existed in the literature for 
many years regarding the development of spondylo- 
lysis (Schmorl and Junghanns, 1971). Two schools of 
thought debated the issue of whether a pars inter- 
articularis defect is the result of developmental 
changes (Taillard, 1954) or of an acquired fracture 
cleft (Rowe and Roche, 1953; Brauer, 1955; Hadley, 
1964). However, it is now accepted that when the 
spine is subjected to excessive mechanical stresses, it 
may suffer a unilateral or bilateral fatigue fracture of 
the pars interarticularis at one or more spinal levels 
(Wiltse et al., 1975). From a radiographic study of the 
lumbosacral spines of 143 non-ambulatory patients, 
Rosenberg et al. (1981) concluded that spondylolysis 
and isthmus spondylolisthesis represent a fatigue 
fracture resulting from activities associated with 
ambulation, as no case of spondylolysis or spondylo- 
listhesis was detected when compared to the 5.8% 
incidence in the general population. 

Bilateral pars interarticularis fractures are illus- 
trated in Figure 13.14. The histology of the right pars 
defect/fracture in Figure 13.14 is shown in Figure 
13.15. 

Spondylolisthesis is a condition in which the 
vertebral body and transverse processes of a vertebra 
with bilateral pars interarticularis fractures slip ante- 
riorly, leaving the posterior elements, i.e., spinous 
process and laminae, in their normal position. A 
radiological example of spondylolisthesis of L5 on SI 
is shown in Figure 13.16. 

Spondylolisthesis usually causes occasional back 
pain but, in active teenagers, the condition can be 
serious, especially if symptoms are progressive and 
there is radiographic evidence of increased slippage 
(Keim and KirkaJdy-Willis, 1987). Once skeletal matu- 
rity' is reached, further forward displacement is very 
rare (Keim and Kirkaldy-Willis, 1987). However, in a 
magnetic resonance imaging study of entrapment of 
lumbar nerve roots in spondylolytic spondylolisthe- 
sis, Jinkins and Rauch (1994) found a strong associa- 
tion between apparent nerve root impingement and 
clinical evidence of radiculopathy. 

A radiographic example of a grade 1-2 spondylolis- 
thesis of L5 on SI in a 73-year-old female is shown in 
Figures 1317 and 13 18, which show the radiographic 
appearance of the isthmus defects bilaterally in the 
lateral and posteroanterior projections. Histological 
studies of the spinal nerves in this particular case of 
spondylolisthesis show that nerve impingement, due 
to bony entrapment, can occur. Histological sections 
cut in the coronal plane through the isthmus defects in 
Figures 13-17 and 13.18 are shown in Figures 13.19 
and 13 20. These figures show how the inferior 
articular process of the fourth lumbar vertebra can 
impinge upon the posterior rim’ of the first sacral 
segment, causing impingement of the fifth lumbar 



Figure 13-17 Lateral radiographic view showing a grade 
1-2 spondylolisthesis of L5 on SI in a 73-year-old female. 
The arrow heads show the relative displacement of the two 
sides of the pars interarticularis fracture. L5 = fifth vertebral 
body, the inferior articular process (5) of which remains 
adjacent to the superior articular process of the first sacral 
segment (SI); S = spinous process of L5 vertebra; S4 = 
spinous process of L4 vertebra. The black arrow shows the 
proximity between the L4 inferior articular process and the 
isthmus defect adjacent to the lamina of the fifth lumbar 
vertebra. 



Figure 13-18 Posteroanterior radiograph of the 73-year-old 
female with grade 1-2 spondylolisthesis of L5 on SI 
showing the bilateral pars interarticularis fractures (arrows). 
L4 = fourth vertebral body; R = right side; SI = first sacral 
segment; S4 = spinous process of L4 vertebra. 
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Figure 13.19 A 200 pm thick histological section, cut in the coronal plane, from the block of tissue in Figures 13.17 and 
13.18. Bilaterally, the fifth spinal nerves (SN) are impinged (arrows) due to osseous pressure between bony structures as a 
result of the pars interarticularis defects and the grade 1-2 spondylolisthesis The nerves are highly vascular, so their associated 
blood vessels are also compromised This section is from the approximate area shown between the two parallel lines in Figure 
13.18. (Ehrlich's haematoxylin and light green counterstain.) 



Figure 13.20 A 200 pm thick histological section, cut in 
the coronal plane (from the rectangle shown in Figure 
13-18) through the right pars interarticularis region of the 
73-year-old female specimen shown in Figures 13.17 and 
13-18. This shows how the fifth lumbar (L5i) spinal nerve 
(N) at this level can be severely compressed between the 
inferior articular process (TAP) of the fourth lumbar vertebra 
and the posterior rim of the first sacral segment (S). D = dura 
mater of the root sleeve; l,F = ligamentum flavum 
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nerve and its duraJ sheath, as well as its radicular 
arteries. 

The incidence of spondylolysis and spondylolisthe- 
sis varies in different populations, suggesting that 
inherited anatomic variations may predispose to the 
injury (Keim and Kirkaldy-Willis, 1987). 

Management of spondylolisthesis can be con- 
servative in uncomplicated cases, with attention 
being paid to conservative exercises, good posture, 
and loss of weight in obese patients. In addition, 
because spondylolisthesis is frequently complicated 
by a posterior joint syndrome one level above the 
lesion, or by a sacroiliac joint syndrome, manipula- 
tion of these other joints may result in improvement 
in the patient's symptoms (Cassidy and Kirkaldy- 
Willis, 1988). However, if pain persists or muscle 
spasm causes loss of normal lumbar lordosis, with 
associated hamstring spasm, spinal fusion may be 
necessary (Keim and Kirkaldy-Willis, 1987), although 
few topics generate more debate among spinal 
surgeons than the best manner to surgically treat 
spondylolisthesis (Zindrick, 1991). Contemporary 
thinking is that degenerative spondylolisthesis, which 
is due to (i) osteoarthritis of the zygapophysial joints, 
or (ii) congenital malformation of the articular 
processes in rare cases, can frequently be accom- 
panied by spinal instability (Dupuis et al., 1985) but 
lytic spondylolisthesis usually is not (Pearcy and 
Shepherd, 1985). 

According to Poussa and Tallroth (1993), who 
presented the case histories of three patients with a 
painful lumbar disc herniation in spondylolytic spon- 


dylolisthesis, painful lumbar disc herniation is rare in 
this condition. However, pressure upon spinal nerves 
and their associated blood vessels may well result in 
venous stasis causing ischaemia of the neural struc- 
tures and accumulation of metabolic waste products 
with pain, as postulated in Chapter 5, and summa- 
rized in Figure 5.26 


Facet tropism 


In some spines, paired facets at one spinal level do not 
have a symmetrical orientation, i.e. one facet may be in 
the sagittal plane while the other is in the coronal 
plane. When there is a difference of 5 degrees or more 
between the horizontal planes of the left and right 
zygapophysial joints, this is known as tropism (Cihak, 
1970), as described in Chapter 5 (see Figure 13.21). 

Tropism is found in 21-37% of the population 
(Brailsford, 1928; Farfan, 1973). The importance of 
tropism as a cause of low back pain has been 
discussed in the literature for many years (Fullenlove 
and Williams, 1957; Farfan and Sullivan, 1967; Hagg 
and Wallner, 1990; Cassidy et al., 1992; Vanharanta et 
al., 1993). It is currently a subject of intense interest 
because marked tropism has the potential to mark- 
edly alter the biomechanics of lumbar spinal move- 
ments and precipitate early degenerative changes 
either in the zygapophysial joint or adjacent inter- 
vertebral discs, abnormalities that may contribute to 
back pain (Tulsi and Hermanis, 1993) 



Figure 13-21 Lumbosacral histological section cut in the horizontal plain at a thickness of 
100 pm. There is evidence of early fibrillation in the left hyaline articular cartilage, particularly 
of the superior articular process of the sacrum (SI) in this 35-year-old female specimen, with 
1 1 degrees of tropism The right cartilages appear relatively normal, apart from minor 
tinctorial changes in the cartilage at the anteromedial portion of the joint. S = sagittal plane; 
C = coronal plane; LT = left side of specimen. (Ehrlich's haematoxylin stain with light green 
counterstain.) (Reproduced with permission from Giles, I..G.F. (1987) Lumbosacral zygapo- 
physial joint tropism and its effect on hyaline cartilage. Clin Biomechan., 1, 2-6. Copyright 
John Wright, Bristol.) 
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It is thought that zygapophysial joint facet tropism, 
which is quite common, is clinically significant 
because it adds rotational stresses to the zygapophy- 
sial joints (Keim and Kirkaldy-WUlis, 1987). In a small 
histological study, Giles (1987) suggested that there 
appeared to be greater interfacet forces in the more 
sagittally orientated facets, in keeping with the work 
of Cyron and Hutton (1980). At the zygapophysial 
joint centre, the more sagittal facing facets were 
found to have less cross-sectional cartilage area and 
thickness than did the coronal facing facets (Giles, 
1987). More sagittal facing facets showed a greater 
tendency to osteoarthrosis with its characteristic 
changes of fibrillation, loss of cartilage, and greater 
subchondral sclerosis. 

The clinical finding of low back pain associated 
with tropism may be due to several factors. For 
example, tropism may result in instability of the 
motion segment (Cyron and Hutton, 1980) causing (i) 
strain on the innervated joint capsule (Giles and 
Taylor, 1987), (ii) pinching of the highly vascular and 
innervated intra-articular synovial folds (Giles and 
Taylor, 1987; Giles and Harvey, 1987), and (iii) 
osteoarthritis of the zygapophysial joint facets. In 
osteoarthritic zygapophysial joints, erosion channels 
extend from the hyaline articular cartilage through 
the calcified cartilage into the subchondral bone; 
these channels contain substance P positive nerve 
fibres which implicates these joints in low back pain 
(Beaman et al. , 1993). This is particularly significant 
as substance P is the most well-documented neuro- 
transmitter for nociception (Ahmed et al., 1993). 

Although some authors have suggested a possible 
relationship between lumbar tropism and unilateral 
intervertebral disc herniation (Farfan and Sullivan, 
1967; Farfan et al., 1972), others have not been able 
to support this relationship (Hagg and Wallner, 1990; 
Cassidy et al., 1992; Vanharanta et at., 1993). 
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Innervation of spinal structures 

L.G.F. Giles 


Formation of the spinal nerve 


Each spinal nerve is formed by the union of the 
anterior and posterior roots which are attached in 
series to the sides of the spinal cord (Williams and 
Warwick, 1980). A histological section cut in the 
horizontal plane at the lumbosacral level (Figure 
14.1) shows part of the spinal canal and how the 
anterior and posterior nerve root trunks leave the 
cauda equina within the subarachnoid space, and 
pass towards the intervertebral canal where they will 
unite to form the fifth lumbar spinal nerve. 



Figure 14.1 Note that the dural tube, which contains the 
cauda equina nerve root trunks (N), is surrounded by 
epidural fat (E) within the spinal canal. A = arachnoid 
membrane; D = dural membrane The anterior nerve root 
(AR) and posterior nerve root (PR) trunks at the fifth (5) 
spinal level pass from the dural tube, within a dural sleeve, 
to the intervertebral canal. L = lamina. 55-year-old male. 
(Ehrlich's haematoxylin and light green counterstain.) 


The nerve roots within the extensions of the dural 
tube, i.e. root sleeves, are accompanied by blood 
vessels (Figure 14.2). 

Once the spinal nerves pass through the inter- 
vertebral canal they immediately divide to form 
anterior and posterior primary rami (Vick, 1976; 
Moore, 1992; Tortora and Grabowski, 1993). The 
posterior root carries sensory fibres whose cell 
bodies lie in the spinal ganglion (Moore, 1992). The 
anterior root is predominantly motor but, according 
to Bogduk and Twomey (1991), there is some 
controversy regarding the contribution made by 
different fibre-types and Dripps et al. (1977) have 
shown that some afferent fibres enter the cord via 
this pathway. According to Coggeshall et al. (1977), 
who examined rat anterior roots, the anterior nerve 
roots contain both myelinated and unmyelinated 
nerve fibres but, according to Schaumburg and 
Spencer (1975), the anterior roots are composed 
only of myelinated fibres. The nerve roots, spinal 
nerves and their branches compose the various 
parts of long cellular extensions from nerve cell 
bodies, located in the anterior horn of the spinal 
cord or in the posterior nerve root ganglion 
(Rydevik et al., 1984). 

Extracapsular distribution of the 
posterior primary ramus 


In this text, the anatomy of the anterior primary 
ramus, which forms the lumbosacral plexus, is not 
reviewed; however, the distribution of the medial 
branch of the posterior primary ramus, which is of 
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Figure 14.2 This figure shows how the fifth lumbar nerve root trunks (N) within the dural sleeve (DS) become separated 
from the nerve root trunks of the cauda equina within the dural tube A = arachnoid membrane; D = dural membrane; L = 
ligamentum flavum; B = Batson's venous plexus; P = posterior longitudinal ligament. 69-year-old female. (Ehrlich's 
haematoxylin and light green counterstain.) 


paramount clinical relevance because of its distribu- 
tion to the zygapophysial joints (Bogduk and Two- 
mey, 1991) and, therefore, has frequently been 
implicated in low back pain, is reviewed in detail. 

The posterior primary rami have a diameter of 
2 mm or less and are quite small compared with the 
anterior primary ramus (Sunderland, 1975; Bradley, 
1980). Figures 14.3 and 14.4 show the course and 
branches of the posterior primary rami in simplified 
diagrams which are not drawn to scale. 

As the posterior primary rami pass from the 
intervertebral canal into the posterior compartment of 
the back, each is accompanied by an artery and its 
associated vein forming a neurovascular bundle. The 
posterior primary' ramus runs downward and back- 
wards across the lateral surface of the adjacent 
superior articular process of the zygapophysial joint, 
then passes backward above the origin of the 
transverse process where it divides into medial and 
lateral branches; the finer medial branch which is less 
than 1 mm in diameter (Sunderland, 1975; Bradley, 
1980) establishes important relationships with zyga- 
pophysial joints (Sunderland, 1975; Bradley, 1980). 


From its inferolateral aspect, before it passes beneath 
the mamillo-accessory ligament, the posterior primary 
ramus gives off a lateral branch (Figures 14.2 and 14.3) 
which supplies the iliocostalis lumborum muscle. 

The medial branch descends beneath the mamillo- 
accessory ligament, which bridges the mamillary and 
accessory processes (Bogduk, 1981), and which 
consists of a tight bundle of collagen fibres of various 
thickness (Bogduk and Twonrey, 1991). It is only the 
medial branch which supplies zygapophysial joints 
although, according to Lazorthes and co-workers 
(1956, 1964), approximately six articular rami arise 
directly from the posterior primary ramus and run 
towards the superior and inferior articular processes. 
As the medial branch reaches the inferior aspect of 
the joint it may be embedded in the capsule for a 
distance of 2-3 mm, at which point it lies directly 
superficial to the communication between the fat- 
filled inferior recess and the synovial cavity of the 
joint (Lewin et al., 1961). Within the capsule, nerves 
break up into large numbers of diffusely ramifying 
branches containing sensory fibres (Sunderland, 
1978; Wyke, 1981). 
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Figure 14.3 Part of the lower spinal innervation (lateral 
view). 1 = anterior primary ramus of the spinal nerve; 2 = 
anterior primary ramus branch to the intervertebral disc; 3 
= posterior primary ramus of the spinal nerve; 4 = medial 
branch of the posterior primary ramus with an adjacent 
zygapophysial joint capsule (articular) branch, and a 
descending branch to the zygapophysial joint capsule 
(articular branch) one joint lower; 5 = lateral branch of the 
posterior primary ramus; A = autonomic ganglion; GRC = 
gray ramus communicans, TVP = transverse process; ZJC = 
zygapophysial joint capsule; arrow = part of the mamillo- 
accessory ligament. (Reproduced with permission from 
Giles, L.G.F (1989) Anatomical Basis of Low Back Pain. 
Williams and Wilkins, Baltimore.) 


Most authors regard each zygapophysial joint 
capsule as being innervated by medial branches of 
only two spinal nerves (Fick, 1904; Zuckschwerdt et 
al., 1955; Pedersen et al., 1956; Lewin et al. , 1961; 
Lazorthes, 1972; Bradley, 1974, 1980, Sunderland, 
1975; Bogduk, 1976; Edgar and Ghadially, 1976; Reilly 
et al., 1978; Bogduk and Long, 1979; Sunderland, 
1979; Bogduk et al, 1982; Auteroche, 1983; Lynch 
and Taylor, 1986; Giles, 1989; Moore, 1992). The 
claims ofWyke (1980b, 1981), Paris et al. ("1980) and 
Paris (1983) that each zygapophysial joint is inner- 
vated from no less than three nerve roots do not 
appear to have been substantiated by other studies. 

The superior portion of the joint capsule is 
innervated by 'distal' branches arising from the nerve 
one level higher and the inferior portion of the joint 
capsule is innervated by ‘proximal’ branches arising 
from the nerve as it emerges from the intervertebral 
canal adjacent to the zygapophysial joint in question. 
This gives an overlap of innervation. Bogduk et al. 



Figure 14.4 Part of the lower spinal innervation (posterior 
view). 3 = posterior primary ramus of the spinal nerve; 4 = 
medial branch of the posterior primary ramus with an 
adjacent zygapophysial joint capsule (articular) branch 
(arrow), and a descending branch to the zygapophysial joint 
capsule (articular branch) one joint lower (bisected arrow); 
5 = lateral branch of the posterior primary ramus; MP = part 
of the mamillo-accessory ligament passing caudally towards 
the accessory process at the posteroinferior aspect of the 
root of the transverse process; ZJC = zygapophysial joint 
capsule. (Reproduced with permission from Giles, L.G.F 
(1989) Anatomical Basis of Low Back Pain. Williams and 
Wilkins, Baltimore.) 


61982), found the anatomy of the Ll-4 posterior rami 
to be different from that of L5, in that the Ll-4 
posterior rami tend to form three branches (medial, 
lateral and intermediate), whereas the L5 posterior 
ramus forms only a medial and an intermediate 
branch. 

A histological study using blocks of L3 and L4 
spinal tissues, serially sectioned in the coronal plane 
as shown in Figure 14.5, confirmed the extracapsular 
course of the posterior primary ramus (Figure 14.6) 
as previously described by gross dissection. 

The medial branch of the posterior primary ramus 
passes beneath the mamillo-accessory ligament, in a 
notch containing an adequate protective reserve 
cushion of adipose tissue. It does not appear likely 
that this nerve could become trapped, under normal 
circumstances, as it passes beneath the mamillo- 
accessory ligament (Giles, 1991). However, Maigne et 
al. (1991) have shown that ossification of the 
mamillo-accessory ligament can occur in adult spines 
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Figure 14.5 The rectangle shows how each osteoligamentous block' of tissue was trimmed for histological processing and 
sectioning. The approximate plane of coronal sectioning for Figure 14.6 is shown by the dashed' line A. M = mamillary 
process; P = pedicle;T = transverse process. (Reproduced with permission from Giles, L.G.F. (1991)The relationship between 
the medial branch of the lumbar posterior primary ramusand the mamillo-accessory ligament. J. Manipulative Physiol. Ther, 
14, 189-192.) 
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with osteoarthritis, resulting in bony foramina 
1-5 mm wide, particular!)’ at L5, which they suggest 
may be associated with low back pain. 

The medial branch then divides into three separate 
branches. The first branch goes to the adjacent 
zygapophysial joint capsule in the region of the 
inferior recess (Figure 14.3) 


Intracapsular distribution of the 
posterior primary ramus 
terminations 


Using surgical specimens (Figure 14.7) to follow the 
intracapsular distribution of the nerve, it appears to 
divide into several small twigs as it penetrates the 
capsule (Figures 14.8 and 1 4.9). 

The small twigs of the medial branch of the 
posterior primary ramus which penetrate the capsule 
(Figures 14.8 and 14.9) then pass to the synovial fold 
(Figures 14.10 and 14.11). 

Part of a silver impregnated synovial fold lining 
membrane, with a very small nerve fibre, which runs 
in a paravascular situation for part of its course in the 
surface of the synovial lining membrane, closely 
associated with blood vessels, is demonstrated in 
Figure 14.11. 

These findings are of interest because, although 
Gardner (1950), Hadley (1964), Wyke (1972, 1981, 
1982) and Nade et al. (1980) were unable to find 
any nerves in human zygapophysial joint synovial 
folds of ‘mature individuals’, small diameter nerve 
fibres were found in human lower lumbar zygapo- 
physial joint synovial folds of healthy human zygapo- 
physial joint capsules, their synovium, and their 


Figure 14.6 A histological section cut in the coronal plane 
as shown by the line on Figure 14.5, from a 36-year-old 
woman. The histological section is slightly oblique as the 
mammillo-accessory ligament is clearly seen enclosing the 
medial branch of the posterior primary ramus (N) on the left 
of the specimen, whereas on the right side the medial 
hranch of the posterior primary ramus (N 1) is seen coursing 
behind part of the transverse process (T). A = part of the 
accessory process; C = fibrous capsule inferiorly meshing 
with the ligamentum flavum (LF). The ligamenta flava join at 
the junction of the laminae, but the left and right ligaments 
are separate between spinous processes. CS = fibrous 
capsule superiorly; H = hyaline articular cartilage on the 
superior articular process of the L4 vertebra forming part of 
the zygapophysial joint; L = lamina of the L4 vertebra; P = 
pars interarticularis of the L4 vertebra; S = synovial fold. 
(Ehrlich's haematoxylin and light green counterstain.) 
(Reproduced with permission from Giles, L.G.F (1991)The 
relationship between the medial branch of the lumbar 
posterior primary ramus and the mamillo-accessory liga- 
ment / Manipulative Physiol. Ther, 14, 189-192.) 


intra-articular synovial fold tissue, removed during 
laminectomy (Figures 14.8 and 14.10) (Giles et al, 
1986; Giles and Taylor, 1987a, b; Giles, 1989; Gron- 
blad et al, 1991a, b). The immunohistochemical 
studies by Giles and Harvey (1987) and Gronblad et 
al. (1991a, b) showed that some of the small diam- 
eter nerves in these tissues most likely have a 
nociceptive function. Therefore, Wyke’s conclusion 
that there is no mechanism whereby articular pain 
can arise directly from the synovial tissues (Wyke, 
1981) is challenged. Kuslich et al. (1991) concluded 
that zygapophysial joint synovium was never sensi- 
tive to stimulation by means of mechanical force 
using blunt surgical instruments or by the applica- 
tion of low voltage electrical current. However, this 
may be because the synovium tested was so closely 
applied to the capsule’ (Kuslich, 1994, personal 
communication) which implies that the large highly 
vascular and innervated intra-articular synovial folds 



Figure 14.7 Horizontal section of the right L5-S1 zygapo- 
physial joint from a 54-year-old male. The rectangle repre- 
sents the approximate extent of surgical material removed 
during laminectomy, i.e. part of the inferior joint recess 
comprising the posteromedial (accessory) fibrous capsule 
and adjacent ligamentum flavum with the adjoining synovial 
fold. C = cauda equina, D = dura mater; LAP = inferior 
articular process of L5; IVD = intervertebral disc; JC = 
posterolateral fibrous joint capsule; LF = ligamentum 
flavum, S = remains of the spinous process. The black arrow 
indicates a highly vascular connective tissue structure 
projecting between the right lumbosacral zygapophysial 
joint facets, i.e. an intra-articular synovial fold (Ehrlich’s 
haematoxylin stain wih light green counterstain.) (Repro- 
duced with permission from Giles, L.G.F., Taylor, J.R. and 
Cockson, A. (1986) Human zygapophysial joint synovial 
folds. Acta Anat., 126, 110-114.) 
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Figure 14.8 A whole mount silver impregnated specimen from the L5-S1 zygapophysial joint of a 27-year-old female, 
showing the inferior joint recess postero-medial (accessory) capsule (AC) (see rectangle in Figure 14.7) with nerve fasciculi 
(N) projecting from it into the synovial folds (SF), adjacent to a small fibrous septum’ (S). The average diameter of the nerve 
fasciculi is 1 1.4 pm. The nerve fasciculus in the rectangle, which was resected then serially sectioned (at a thickness of 30 pm) 
is shown in Figure 14.9 (modified Schofield's silver impregnation). (Reproduced with permission from Giles, L.G.F and Taylor, 
J.R. (1987a) Innervation of lumbar zygapophysial joint synovial folds. Acta Orthop. Scand., 58, 43-46. Copyright Munksgaard 
International Publishers, Denmark.) 



Figure 14.9 This shows a montage of a nerve fasciculus containing six axons; 
its average diameter is 11.4 pm. The average diameter of each axon is 
approximately 1.5 pm (Reproduced with permission from Giles, L.G.F and 
Taylor, J.R. (1987a) innervation of lumbar zygapophysial joint synovial folds. 
Acta Orthop. Scand., 58, 43-46. Copyright Munksgaard International Pub- 
lishers, Denmark.) 
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Figure 14.10 This is a highly magnified view of a synovial 
fold Note (i) the extensive paravascular nerve plexus (NP) 
on the capillary (C), (ii) the synovial fold fat cells (PC), (iii) 
the single nerve fibre (Nl), with an average diameter of 1.7 
pm, traversing the synovial fold, and which is not related to 
any blood vessels, (iv) the silver stained structure (N2) 
which consists of one or two nerve fibres, and (v) the 
reticular fibres (RF) adjacent to the fat cells. (Reproduced 
with permission from Giles, I..G.F and Taylor, J.R. (1987a) 
Innervation of lumbar zygapophysial joint synovial folds. 
Acta Orlhop. Scand., 58, 43-46. Copyright Munksgaard 
International Publishers, Denmark.) 

which are not closely applied to the capsule (Figure 
14.7) were not stimulated. 

One branch of the posterior primary ramus goes to 
the adjacent multifidus muscles (Figure 14.3), then 
branches of the medial branch of the posterior 
primary ramus go to the zygapophysial joint capsules 
one segment caudad, and one segment cephalad, 
where they divide into several terminal twigs and 
penetrate the capsule. 


Summary of distribution of nerves 
within the fibrous capsule and 
ligamentum flavum 


Joint capsule 

According to Resnick (1985), human zygapophysial 
joint fibrous capsules have a rich innervation. Immer- 
sion of human capsular material in methylene blue 



Figure 14.11 This montage of the L4-5 zygapophysial joint 
synovial fold, from a 49-year-old male, shows the extremely 
small nerve fibre (N) which appears to terminate as a free 
ending’ (NT) in the synovial lining membrane, llie average 
diameter of the nerve fibre between N and N is 1 . 1 pm BV = 
blood vessel; F = fat cell; R = reticular fibres (modified Scho- 
field’s silver impregnation) (Reproduced with permission 
from Giles, L.G.F (1988) Human zygapophysial joint inferior 
recess synovial folds; a light microscope examination Anal 
Rec., 220, 1 17-124. Copyright A.R. I.iss, NewYork.) 


showed these nerves to consist of myelinated and 
unmyelinated fibres, with a 'full triad’ of nerve 
endings, i.e. (a) fine free fibres, (b) complex unencap- 
sulated endings, and (c) small encapsulated endings 
(Hirsch el al., 1963) Nerve endings classified as pain 
sensitive’, on the basis of their histological appear- 
ance, have also been described in: (a) the fibrous 
capsule (Ikari, 1954; Pedersen et al., 1956), (b) the 
ligamentum flavum, and (c) the adjacent interspinous 
ligaments (Hovelacque, 1925; Jung and Brunschwig, 
1932; Bridge, 1959; Hirsch et al , 1 963)- 
Pedersen et al. (1 956) combined their histological 
studies with physiological studies on decerebrate 
cats. They used mechanical (crushing) stimuli, as well 
as injections of hypertonic saline, to assess what 
effect these stimuli had on respiration and blood 
pressure. The cat’s response varied from mild hyper- 
pnoea to a gasping' inspiratory shift, with or without 
minor blood pressure changes. From these experi- 
ments, Pedersen et al. (1956) concluded that the 
posterior primary rami, in addition to their cutaneous 
and muscular distribution, give sensory fibres to 
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spinal ligaments and fasciae, vertebral periosteum 
and all intervertebral joints. Pedersen et al's (1956) 
view is generally applicable to all joints so far 
examined and is in accord with Hilton’s Law (1891). 
This law states that the nerves supplying a joint also 
supply the muscles moving the joint and the skin 
covering the insertion of these muscles. 

Histological studies performed by Gardner (1950), 
Dee (1978), Gardner (1978), and Wyke (1979) 
reported myelinated and unmyelinated nerve fibres in 
normal human zygapophysial joint capsules. 

According to Lewinnek (1983), only two kinds of 
nerve endings are found in the fibrous joint capsule: 
(a) complex unencapsulated endings and (b) smaller 
encapsulated endings. Other workers have found free 
nerve endings in the zygapophysial joint capsule by 
histologic investigation (Hadley, 1964; Reilly et al., 
1978) and these endings are generally regarded as 
related to pain sensation (Haldeman, 1980; Kandel 
and Schwartz, 1981; Daube et al., 1986). 

According to Wyke and Polacek (1975) and Wyke 
(1980a, 1981), all the synovial joints of the body in 
mature individuals, including the zygapophysial 
joints, are provided with four varieties of receptor 
nerve endings. Wyke (1981) has classified these as 
follows: 

Type I . mechanoreceptors which consist of clus- 
ters of thinly encapsulated globularcor- 
puscles embedded in the outer layers of the 
fibrous capsule. 

Type II: mechanoreceptors which are thickly 
encapsulated conical corpuscles embedded 
in the deeper layers of the fibrous capsule 

Type III. mechanoreceptors which are much larger, 
thinly encapsulated corpuscles applied to 
the surfaces of joint ligaments, but which 
are absent from the spinal ligaments. 

Type IV: a receptor system in the fibrous capsules of 
joints which is represented by a plexus of 
unmyelinated nerve fibres, which weave in 
three dimensions throughout the entire 
thickness of the joint capsule, but are 
entirely absent from synovial tissue and 
intra-articular menisci; the irritation of this 
system is said to be responsible for evoking 
joint pain. 

Wyke’s statements, relating these four types of 
articular nerve receptor endings to particular func- 
tion, are repeated in several of his papers (1972, 
1975, 1979, 1980a, 1981). He states that a correlation 
between fibre size and function does occur (Wyke, 
1969). He appears to base his statements on the 
results of 'neurohistological studies considered in 
combination with (i) oscillographic analyses of the 
impulse traffic in the articular nerves, (ii) electrical 


stimulation procedures, and (iii) other neurophysio- 
logical investigations’ (Wyke, 1967). However, it is 
unclear if his conclusions are based entirely on work 
with cats or also apply to humans. 

Ligamentum flavum 

Accounts of innervation in the ligamentum flavum 
are variable, contradictory and inconclusive. Doubt 
remains regarding both the source of its innervation 
and which parts of it are innervated. According to 
Bogduk (1983), the medial branches of the posterior 
rami are the most likely source of innervation of the 
ligamenta flava because of their proximity to the 
posterior surfaces of the ligament, Fine free nerve 
fibres and endings were described by Pedersen et al. 
(1956), and Hirsch et al. (1963) on the outermost 
posterior surface of the ligamenta flava, but it is 
claimed that nerves have never been demonstrated in 
its deeper regions (Dockerty and Love, 1940; Hirsch 
et al., 1963;Jackson et al., 1966; Ramsey, 1966; Reilly 
et al., 1978). On the other hand, Bridge (1959) made 
the surprising observation that in a few cases, the 
ligamentum flavum, which is a highly elastic struc- 
ture, contained many nerves in its deep region, as 
well as on its surface, in thoracolumbar specimens. 
According to Pedersen et al. (1956), the nerve 
filaments on the posterior surface are derived from 
the posterior rami, while the sinuvertebral nerves 
may supply the anterior surface but no neural 
structures were found in the deeper part of the 
ligamentum flavum included in their surgical speci- 
mens. Korkala et al. (1985) and Konttinen el al. 
(1990) found no immunoreactivity for substance P in 
small pieces of the ligamentum flavum and therefore 
concluded that no nociceptive type nerves were 
present in the ligamenta flava. 

The pattern of innervation of articular vessels is 
basically similar to that of other blood vessels, with 
both myelinated and unmyelinated fibres participating 
(Gardner, 1950). The myelinated fibres are afferent, 
and the unmyelinated fibres are both afferent and 
postganglionic sympathetic efferent (Woollard, 1926). 


Sinuvertebral nerve distribution 


The sinuvertebral nerve is briefly reviewed here 
because (a) it is possible that some branches may pass 
to the vertebral arches and to the zygapophysial joints 
(Bradley, 1980), and (b) the proximity of the sinu- 
vertebral nerve to the zygapophysial joints may 
permit its paravascular twigs to reach these joints 
indirectly’ At or immediately distal to its origin, the 
ventral ramus of each spinal nerve is joined by a gray 
ramus communicans from the corresponding gan- 
glion of the sympathetic trunk (Figure 14.12). 
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Figure 14.12 Transverse view of the distribution of a 
typical lumbar spinal nerve. AR = anterior primary ramus; D 
= dura maier; GR = gray ramus communicans; PLL - 
posterior longitudinal ligament; PR = posterior primary 
ramus; SV = sinuvertebral nerve. (Modified from Bogduk, N. 
(1984) The rationale for patterns of neck and back pain. 
Patient Mangement, 8, 13-21.) Compare with more 
detailed figure in Chapter 17. (Reproduced with permission 
from Giles, L.G.F. (1989) Anatomical Basis of Low Back 
Pain. Williams and Wilkins, Baltimore.) 

The sinuvertebral nerves are recurrent branches of 
the anterior primary rami that re-enter the inter- 
vertebral canal (Bogduk, 1983) and are present at all 
vertebral levels (Kimmel, 1961a, b). They contain 
autonomic and somatic sensory fibres (Allbrook, 
1974). The sinuvertebral nerve was first described by 
von Luschka (1850), and each nerve is described as 
arising by two roots: one from the anterior ramus, 
and another from the gray ramus communicans 
(Bogduk, 1980) (Figure 14.12) at all spinal levels 
(Williams and Warwick, 1980). 

At this stage the sinuvertebral nerve is 0.5-1 mm 
thick (Wiberg, 1949; Reilly et at., 1978); it re-enters 
through the intervertebral foramen (von Luschka 
1850; Hovelacque, 1925; Pedersen et at 1956; 
Bridge, 1959; Edgar and Ghadially, 1976; Bogduk, 
1980), before dividing into a series of short and long 
terminal branches which may ascend and descend in 
variable ways (Hovelacque, 1925; Spurling and Brad- 
ford, 1939; Pedersen et at., 1956; Bridge, 1959; Edgar 
and Nundy, 1966; Bogduk et at, 1981). The short 
branches supply the walls of extradural veins (Hove- 
lacque, 1925), and the posterior longitudinal liga- 
ment up to two vertebral levels lower than the 
nerve’s origin (Spurling and Bradford, 1939). The 
longer terminal branches pass into the epidural 
space; some are described as penetrating bone on the 
posterior aspects of the vertebral bodies and the 
adjacent outer layer of the anulus fibrosus, and the 
anterior aspects of the laminae (Hovelacque, 1925); 
others are said to reach the flaval ligaments (Roofe, 
1940; Wyke, 1970), with free nerve endings which 
probably mediate pain sensation (Reilly et at., 1978). 
In some cases a sinuvertebral nerve is said to join 


across the midline with the contralateral sinu-verte- 
bral nerve (Pedersen et at., 1956; Kimmel, 1961a; 
Lewinnek, 1983), but other investigators were unable 
to find such anastamoses (Hovelacque, 1925; Spur- 
ling and Bradford, 1939; Wiberg, 1949). 

The ventral rami of the thoracic and the first and 
second lumbar nerves each contribute a white 
ramus communicans joining the corresponding 
sympathetic ganglion. The S2-4 sacral nerves also 
give off visceral branches; these, however, are not 
connected with the ganglia of the sympathetic trunk, 
but belong to the parasympathetic part of the 
autonomic system and run directly into the pelvic 
plexuses (Williams and Warwick, 1980). 

Pain sensitive structures in the 
lumbosacral spine 


Some spinal structures, e g. the nucleus pulposus, 
cartilage plates and articular cartilages, have not been 
shown to have nerves despite repeated attempts to 
demonstrate them (Hirsch et at. , 1963; Rhodin, 1974; 
Stockwell, 1979). However, most anatomical struc- 
tures in the spine have a sensory innervation, 
including the zygapophysial joint capsules, the outer 
anulus fibrosus, the major ligaments, the vertebral 
body, and all the posterior osseous structures (White 
and Panjabi, 1978). Sensory nerves are described in 
the periosteal covering of the vertebrae (Ikari, 1954; 
Pedersen et al., 1956; Jackson et at., 1966; Gronblad 
et at., 1984), and in parts of the dura mater and 
epidural adipose tissue (Hovelacque, 1925; Pedersen 
et at., 1956; Bridge, 1959; Edgar and Nundy, 1966; 
Wyke, 1970; Wyke, 1980b). Small diameter nerves, 
that are both paravascular and remote from blood 
vessels, that have free nerve endings, have been 
described in the synovial folds of the lumbar zygapo- 
physial joints (Giles and Taylor, 1987a; Giles, 1988, 
1989; Gronblad et al., 1991a). Nervi nervorum are 
located on the dorsal root ganglion, as well as the 
peripheral nerves (Weinstein, 1991), and nerve fibres 
are seen in the walls of arteries and arterioles 
supplying spinal and paraspinal tissues (Hirsch et al . , 
1963), adventitial sheaths of the epidural and para- 
vertebral veins (Pedersen et at., 1956; Bridge, 1959), 
cancellous bone of the vertebral bodies and their 
arches (Hovelacque 1925; Roofe, 1940), and the 
paraspinal muscles (Iggo, 1961; Lim et al., 1961). 

It has frequently been claimed that in the adult, no 
nerve endings can be found in the intervertebral disc 
except for some free nerve endings located at the 
point where the superficial posterior fibres of the 
anulus fibrosus blend with the fibres of the posterior 
longitudinal ligament (Jung and Brunschwig, 1932; 
Tsukada, 1939; Roofe, 1940; Lazorthes et al., 1947; 
Wiberg, 1949; Kuhlendahl, 1950; Kuhlendahl and 
Richter, 1952; Hirsch and Schajowicz, 1952; Ikari, 
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1954; Pedersen et al., 1956; Malinsky, 1959; Ferlic, 
1963; Hirsch et al., 1963; Jackson et al. , 1966; 
Shinohara, 1970; Kumar and Davis, 1973; Bogduk et 
al., 1981). It seems likely from clinical experience 
involving the injection of hypertonic saline (11%) 
under fluoroscopic control into the L4-5 and L5-S1 
intervertebral discs in patients with low back pain 
(Hirsch et al., 1963) that the disc is a source of pain. 
This view is supported by the observation that a 
patient's pain may be reproduced by discography 
(Holt, 1968) and that such pain is eliminated by 
injections of local anaesthetic into the disc (Bogduk, 
1984). This may provide evidence of the presence of 
nociceptors in the intervertebral disc if the hyper- 
tonic saline does not leak out of the disc and irritate 
other pain sensitive structures, such as the posterior 
longitudinal ligament, which is rich in nociceptors 
(Dixon, 1980) and has been shown to contain 
substance P-positive profiles by Korkala et al. (1985). 
Holt (1968) performed discography, using sodium 
diatrizoate, on asymptomatic volunteers and noted 
that severe back pain resulted in 15% of the examina- 
tions as a result of extravasation of the sodium 
diatrizoate into the epidural space from the nucleus 
in 37% of patients. 

Similar evidence of the presence of nociceptors in 
zygapophysial joints is provided by the observation 
that the injection of saline into zygapophysial joints 
produces both local and referred pain (Hirsch et al . , 
1963), while local anaesthetic injections eliminate 
this pain (Kirkaldy-Willis, 1 983; Aprill, 1986). Accord- 
ing to Sherman (1963), a rich nerve supply can be 
demonstrated in human bones of any age, but the 
nerve fibres, which are usually associated with 
arterial vessels, are mostly unmyelinated, are prob- 
ably derived from the autonomic nervous system, and 
are concerned with the regulation of blood flow. 
Duncan and Shim (1977) found that the intraosseous 
vessels in rabbits are richly supplied by adrenergic 
nerve fibres In bone, there is a nerve supply to the 
endosteal surfaces of the medullary trabeculae and to 
the bone marrow, but none has been demonstrated in 
bone matrix (Miller and Kasahara, 1963; Reimann and 
Christensen, 1977). Sherman (1963) maintains that 
bone is relatively insensitive to painful ‘stimuli’ and is 
not usually a source of pain. On the other hand, 
localized expanding tumours in vertebrae, eg. 
osteoid osteomas, are associated with both pain and 
local muscle spasm (Robbins, 1974; Parsons, 1980; 
Keim and Kirkaldy-Willis, 1987). 

The clinical significance of these findings will be 
discussed in Chapter 15. 
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Nerves , neuropeptides and inflammation in 
spinal tissues: mechanisms of hack pain 

Mats Gronblad and Johanna Virri 


Introduction 


There is currently a need for further basic knowledge 
regarding the innervation of spinal tissues and 
neurotransmitter and neuromodulator substances 
present in both uninjured and injured spinal tissues 
(Weinstein et al, 1988a; Gronblad et al. , 1991; 
Weinstein, 1992; Kaapa et al . , 1994). Basic science 
research should be directed at answering questions 
such as: How do the nerves and nerve chemicals 
present in spinal tissues react to tissue injury and 
inflammation? Is there a difference in the type of 
inflammatory reaction in various types of spinal 
tissue injury? Does injury' in the intervertebral disc, in 
particular, lead to an immunologic response and 
which are the cells and chemicals mediating such a 
response? What is, ultimately, the role of all the above 
in mechanisms of back pain, spinal tissue healing and 
degradation (Gronblad et al., 1991; Weinstein, 1992; 
Tolonen et al, 1995)? 

As was pointed out by Wyke (1982), pain in the 
low back may originate in one or several of a number 
of different tissues. Due to the intricate innervation of 
these tissues and of the low back as a whole (Bogduk, 
1983; Bogduk et al., 1989; Gillette et al., 1994), 
localizing such low back pain in a clinical setting to a 
particular tissue will generally prove difficult. In most 
back pain patients the specific pathophysiology or 
the pathoanatomic correlate of the pain will remain 
unknown (Nachemson, 1992; Frymoyer, 1992) 
(Figure 15.1). 

However, in several recent elegant injection studies 
(April!, 1991; Barnsley et al. , 1993; Bogduk andAprill, 
1993; Schwarzer et al., 1994a, b) investigators have 




Figure 15-f Most low back pain is non-specific. The pain 
generator is difficult to localize and the mechanism of pain 
difficult to characterize. 
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been successful in their attempts to discriminate 
between pain originating in the intervertebral disc and 
in the facet joint. Similar studies have also implicated 
the sacroiliac joint as a source of back pain symptoms 
(Fortin el al., 1994; Schwarzer et at , 1995). Moreover, 
convincing experimental evidence has been pre- 
sented that alterations of the intradiscal chemical 
microenvironment (Weinstein et al., 1988a) and, 
perhaps mechanical influence, eg. exposure to 
vibration (Weinstein, 1986; Weinstein et al. , 1988b; 
McLain and Weinstein, 1991, 1993), will have an effect 
on local nerves/nerve endings present and, possibly 
through neural circuitry, result in alterations in dorsal 
root ganglion neuropeptide levels. There may also, of 
course, be various more direct effects on the ganglion 
(Howe et al., 1977; Rydevik et al., 1984), which has 
been shown to be uniquely mechanosensitive even in 
an uninjured state (Howe et al, 1976, 1977, 1979). 
Important sensory cells of the dorsal root ganglia are 
specifically sensitive to capsaicin, indicating involve- 
ment in pain modulation, and are also known to be 
excited or sensitized by various inflammatory sub- 
stances, e.g. bradykinin (Figure 15.2) and prosta- 
glandin E2 (Baccaglini and Hogan, 1983; Akerman and 
Gronblad, 1992; Gronblad and Akerman, 1992). 

These capsaicin sensitive sensory neurons of the 
dorsal root ganglion are also sensitive to an acid 
environment (Bevan and Yeats, 1991; Petersen and 
LaMotte, 1993), which may be important in, e g. 
inflammation-induced back pain syndromes and sciat- 
ica. Such tissue and chemical interactions may be 
linked to both mechanisms of back pain and to basic 
tissue properties, including responses to injury of 


spinal tissues (Gronblad, 1991). Disruption of the 
end-plate may be an additional mechanism of back 
pain (Hsu et al, 1988) and may be linked to back pain 
caused by disc degeneration. 


New knowledge of spinal tissue 
innervation based upon 
information from recent 
immunocytochemical studies 


There is presently a consensus of opinion, including 
that based upon immunocytochemical studies, that 
only the outermost part of the anulus is innervated in 
a normal, uninjured and non-degenerated disc, 
whereas no nerves can be observed in the nucleus 
pulposus (Roofe, 1940; Hirschefwi, 1963; Yoshizawa 
et al., 1980; Bogduk et al., 1981, 1988; Bogduk, 1985; 
Gronblad et al, 1991; Ashton et al., 1992) (Figure 
15. 3). In the recent immunohistochemical study on 
human disc tissue by Ashton and coworkers (1992), 
nerve fibres were most predominant in the outermost 
4 mm of the anulus. Substance P fibres were noted 
deeper in the anulus (Ashton et al, 1992). In younger 
subjects (juvenile discs) both blood vessels and 
nerves may penetrate deep into the disc and also 
substance P nerves can be observed (Figure 15.4). 
They are, however, mostly associated with the blood 
vessels and are probably mostly involved in vaso- 
regulation. It has been suggested (Coppes et al, 
1990), although not yet confirmed, that nerves could 



Figure 15.2 Rat dorsal root ganglion (DRG) sensory neurons (left) respond to stimulation 
by bradykinin and other inflammatory' agents in vitro. Following such stimulation an 
increase in intracellular free Ca 2+ (right) can be demonstrated (Gronblad and Akerman, 
1992) 


Copyrighted Material 







Figure 15-3 Nerves (arrows) shown with an antibody to protein gene product (PGP) 9 5, a general neural marker, in the (A) 
anterior, and (B) posterior, part of an intact, non-degenerated human lumbar intervertebral disc. Avidin-biotin-peroxidase 
complex (ABC) immunostaining, haematoxylin counterstaining. Original magnification X 370. 
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Figure 15-4 In juvenile intervertebral discs, blood vessels 
(large arrow) and accompanying nerves (small arrows) (A, 
B; PGP antibody) are present in deeper parts of the anulus. 
Substance P immunoreactive nerves (arrows) (C) also 
accompany blood vessels. ABC immunostaining, haematoxy- 
Lin counterstaining. Original magnification X 370. 
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Figure 15.4 (C) 


be present in deeper parts of discs that have 
undergone severe degeneration. In our studies on a 
limited number of degenerated discs we have not, so 
far, observed any nerves deeper in the disc, even if 
they may be abundant on and near blood vessels that 
have presumably grown through the periphery of the 
disc. It is our impression, however, that nerves can 
more easily be demonstrated in degenerated discs 
than in macroscopically normal discs. Further 
detailed immunocytochemical studies on degener- 
ated painful and painless discs will be of great 
importance in this respect. It should also be further 
determined how different types of discal nerves 
(Weinstein et at. , 1988a; Ashton et al., 1992) (Figures 
15.5 and 15.6) respond to disc tissue injury (Kaapa et 
al. , 1994). 

In disc herniations, small newly formed blood 
vessels are often very abundant. They may even form 
large capillary networks on the surface of, or pene- 
trating deep into, the herniated disc tissue (Figure 
15.7). Our results suggest that such blood vessels may 
be present in 80% or more of disc herniations (Virri et 
al ’., 1994), and that they are often numerous. In 
herniated discs it has also been possible to demon- 
strate small dot-like nerve terminals, not only nerve 
fibres, and both sensory and sympathetic nerve 


endings (Figure 15.8). Such nerve terminals are 
presumably involved in mechanisms of discogenic 
pain and in the vasoregulation of the newly formed 
small blood vessels (Ashton et al., 1994). They 
strongly implicate the disc, at least the injured disc, as 
a source of low back pain symptoms. 

There are also now several published immuno- 
cytochemical and neurophysiological studies on the 
demonstration of various types of nerves and neu- 
ropeptides in facet joint tissues (Giles, 1989; Yama- 
shita etal., 1990; Gronblad et al., 1991), particularly 
the joint capsule and synovial folds (Giles, 1987; Giles 
and Harvey, 1987; Ashton el al., 1992; McLain, 1994), 
which through mechanisms of stretching, pinching 
or, perhaps, chemical irritation may contribute to low 
back pain. There is also recent immunocytochemical 
evidence of substance P nerves, suggested to be 
involved in low back pain, in erosion channels of 
subchondral bone in degenerated facet joints, but not 
in non-degenerated facet joint specimens (Beaman et 
al., 1993) Synovial folds within the joint may by 
irritation of local sensory nerves (Gronblad et al., 
1991; Giles, 1987; Giles and Harvey, 1987) by, for 
example inflammation, perhaps as a result of 
impingement (Giles, 1986; Konttinen et al., 1990), 
contribute to back pain. This is supported by several 
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Figure 15-5 Posterior part of a degenerated human L5/S1 disc. Tiny substance P nerves (arrows) ABC immunostaining, 
haematoxvlin counterstaining. Original magnification X 37 O. 



Figure 15.6 A larger mechanorcceptor nerve (arrow) stains with the PGP antibody in the anterior part of an intact human 
lumbar disc. ABC immunostaining, haematoxylin counterstaining. Original magnification X 370. 
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Figure 15-7 A large capillary network penetrating into a 
herniated disc. Abundant endothelial cells (arrows) can be 
demonstrated due to their specific intense staining with a 
monoclonal antibody to Ulex Europaeus. Immune staining 
with alkaline phosphatase anti-alkaline phosphatase 
(APAAP), haematoxylin counterstaining. Original magnifica- 
tion X 370. 
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Figure 15-8 Herniated disc tissue. (A) Tiny substance P nerve terminals and thin varicose nerves can be observed (open 
arrows) Note also a separate cluster comprised of a few very tiny sensory nerve endings (black arrow). (B) Similar tiny dot-like 
sympathetic nerve terminals (arrows) can be observed after immunostaining with a C-flanking peptide of neuropeptide Y 
(CPON) antibody. ABC immunostaining, enhancement of peroxidase reaction product with glucose oxidase-nickel sulphate- 
3,3' diaminobenzidine (DAB), haematoxylin counterstaining. Original magnification X370. (Courtesy of DrTove Palmgren, 
Spine Research Unit research team, Helsinki, Finland.) 



recent clinical pain provocation studies on patients 
with intractable low back pain syndromes (Aprill et 
al., 1990; Aprill and Bogduk, 1992; Bogduk and Aprill, 
1993; Schwarzer et al., 1994), even if results from 
several recent randomized clinical studies have sug- 
gested that much of the observed therapeutic effect 
with such injections is non-specific or due to factors 
other than the injection per se (Jackson et al., 1988; 


Liliusef «/., 1989; Carette et al., 1991; Jackson, 1992) 
The extent of observable abnormal illness behaviour 
(Waddell et al., 1980; llirsch et al. , 1991; Chan etal., 
1993; Pilowsky, 1993) is evidently one such impor- 
tant predictor for treatment response (Lilius et al., 
1989) and has to be taken into consideration when 
assessing patients with prolonged back pain (Hirsch 
et al., 1991). 
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Nerves and nerve endings can also be demon- 
strated in tissue samples that have been removed 
from around symptomatic nerve roots (Murphy, 
1977) (Figure 15 9), but to date, the determination of 
free sensory nerve endings, unrelated to blood 
vessels, has not been the subject of detailed studies in 
this important spinal area. Possibly such nerve 
endings, located in the epidural space, could react to 
local mechanical and chemical (inflammatory) 
stimulation, and contribute to back pain in addition 
to the adjacent nerve root. Furthermore, local inflam- 
mation in a herniated disc could perhaps irritate 
neural elements both in the disc itself and in the 
epidural space, in addition to effects on the nerve 
root. In this respect, the dorsal root ganglion 



Figure 15-9 Tissue removed from around a symptomatic 
nerve root. (A) A PGP immunoreactive nerve (arrows) 
follows a tortuous course around a blood vessel. (B) Non- 
vascular varicose nerves and tiny dot-like nerve terminals 
(black arrows) can be observed after immunostaining with a 
synaptophysin antibody. Note also small clusters of dot-like 
free nerve terminals (open arrows). Note motphological 
similarity to nerve terminals observed in herniated disc 
tissue (Figure 15.8). ABC immunostaining, haematoxylin 
counterstaining. Bar = 10 micrometers. 


(Weinstein et al., 1988a) could also be an important 
focus causing low back pain, perhaps depending on 
its anatomical location in the nerve root canal (Hasue 
et al., 1989). 

Inflammation in spinal tissues - 
possible relation to low back pain 
and sciatica 


Inflammation may be an important mechanism in both 
sciatica and discogenic back pain. It has been 
suggested by several investigators (Pankovich and 
Korngold, 1967; Marshall andTrethewie, 1973; Naylor 
etal., 1975; Gertzbein, 1977; Marshall etal., 1977) that 
disc tissue, perhaps following injury or degenerative 
alterations, may cause an immunologic, perhaps even 
an autoimmune, tissue reaction (Bobechko and 
Hirsch, 1965; Gertzbein et al., 1975). However, such 
mechanisms are presently poorly understood. It has 
been reported that intradiscally injected steroids are 
not necessarily more effective than a local anesthetic, 
even though discs are painful at discography (Sim- 
mons etal., 1992). Interestingly, porcine disc nucleus 
pulposus tissue was recently shown to cause an 
inflammatory reaction (Olmarker et al., 1994a,b) and 
also in the dog, disc tissue implanted epidurally caused 
an observable local inflammation (McCarron et al., 
1987). Similarly, in herniated disc tissue there is 
biochemical evidence of inflammation (Saal et al., 
1990; Franson et al., 1992) and also inflammatory cell 
infiltration (Table 15.1), presumably from the newly- 
formed numerous small blood vessels (Gronblad et al . , 
1 994; Virri et al. , 1994;Tolonen etal , 1995). This tissue 
reaction was observed to be dominated by macro- 
phages, which are numerously present in about 50% of 
disc herniations (Gronblad etal., 1994) (Figure 15 10). 
In about 20% of disc herniations there are abundant 
lymphocytes (Figure 15.11), also activatedT lympho- 
cytes expressing interleukin-2 receptor, suggesting an 
active immune response in at least some of the 
herniated discs. This inflammatory response is often 


Table 15-1 Monoclonal antibodies used for studying 
inflammatory cells in herniated disc tissue (Gronblad 
et at, 1994; Virri et al., 1994, 1995) 


CD -code 

Cell type 

CD68 

Macrophage 

Ber-MaC3 

Activated monocyte/macrophage 

CD2 

T-lymphocyte 

CD25 

Activated T-lymphocyte 

CD22 

B-lymphocyte 

CD1 5 

Granulocyte/neutrophil 

IL-lp 

Cytokine 
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Figure 15.10 Macrophage cells are often abundant in disc 
herniations. APAAP immunostaining with a monoclonal 
CD68 antibody, haematoxylin counterstaining. Original 
magnification X93. 








Figure 15-11 T cells in a disc herniation. APAAP immunostaining with CD2 antibody, haematoxylin counterstaining. Original 
magnification X 370. 
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accompanied by the presence of interleukin-1 beta 
immunoreactive cells, which contribute to the local 
inflammatory reaction (Gronblad etal., 1994). It is not 
presently known, however, which type of inflamma- 
tion occurs, if at all, in degenerated discs that have not 
yet progressed to the stage of herniation. We presently 
know, however, that inflammatory lymphocytes, both 
T and B cells, suggesting both a cell-mediated and a 
humoral immune reaction, are more prevalent in 
sequestrated discs than in extrusions, and evidently 
totally absent in protrusions (Virri et al. , 1995). We do 
not, however, fully comprehend the implications of 
such findings at the cellular and tissue level with 
respect to the clinically often observed decrease in 
disc herniation size and the resolution of symptoms 
with time (Saal etal., 1990; Maigne et al , 1992). It is 
our impression that pathophysiologically, at the 
cellular and molecular level, there may be variation 
between disc herniations. Our results also suggest a 
correlation between a tight straight leg raising test 
(SLR) and inflammatory cell occurrence in disc 
herniations (Virri et al., 1995). Interestingly, we have 
repeatedly observed such a significant correlation 
between the SLR and the presence of activated T 
lymphocytes in particular (Virri etal., 1995). 

Taken together, all these new observations suggest 
inflammation, and perhaps an immune reaction, as 
possible components in the tissue response that 
follows disc tissue injury. In further support of an 
immune reaction we have, in our ongoing studies, 
obtained immunocytochemical evidence of immuno- 
globulin (Ig) deposition in herniated disc tissue 
(Tolonen et al., 1995). IgM deposits particularly seem 
to be often present in herniated discs (Figure 15.12), 
supporting prior reports based upon biochemical 
measurement (Spiliopoulou et al., 1994). Finally, the 
interaction between nerves, neuropeptides and 
inflammation in the production of low back pain and 
sciatica will require further study. 
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Figure 15-12 Immunoglobulin M (IgM) deposits (arrows) 
in a sequestrated disc. ABC immunostaining, haematoxylin 
counterstaining Original magnification X 370. (Courtesy of 
Dr Aklilu Habtemariam, Spine Research Unit research team, 
Helsinki, Finland.) 
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Anatomy and physiology of spinal nerve roots 
and the results of compression and irritation 

Kjell Olmarker, Shinichi Kikuchi and Bjorn Rydevik 


The nerve roots form an anatomically unique region 
with characteristics of both the central and the 
peripheral nervous system. Topographically, the 
nerve roots may be considered to be part of the 
central nervous system due to their location in the 
centre of the spine and due to their close connection 
to the spinal cord. However, functionally the nerve 
roots are more similar to peripheral nerves. The 
distribution of symptoms will also be more closely 
related to injuries in the peripheral nervous system 
than to injuries in the central nervous system. 
However, the nerve roots are not so well protected by 
connective tissues as are the peripheral nerves. 
Therefore, pathological conditions involving the spi- 
nal canal will put the unprotected nerve roots at high 
risk of injury, even at what might be considered as 
moderate injuries outside the spine. The nerve roots 
may thus be involved in the pathophysiology of 
conditions like disc herniation, spine trauma, intra- 
spinal tumours and degenerative changes of the 
spine. During recent years there has been a remark- 
able increase of research regarding the nerve roots. 
This chapter will include an introduction to the 
anatomy and the physiology of the nerve roots as well 
as reviewing the current knowledge on nerve root 
pathophysiologic changes as induced by mechanical 
deformation and irritation 

Macro- and microscopic anatomy 
of the spinal nerve roots 


The nerve roots are the parts of the nervous system 
located outside the spinal cord and surrounded by 
cerebrospinal fluid and meninges (Figure 16 .1). 

Nerve root’ and spinal nerve root' are two different 
names for the same structure. The nerve roots 
terminate at the level of the dorsal root ganglion 
(Figure 16.2). Distal to this point, the ventral and the 


dorsal nerve root will blend and exchange axons. The 
microscopic organization will also change to that of a 
peripheral nerve at this point. The nerve root will 
subsequently be transformed to the spinal nerve, and 
will thus become part of the peripheral nervous 
system. 



Figure 16.1 Drawing of the tntraspinal course of a human 
lumbar spinal nerve root segment. The vertebral arches have 
been removed, by cutting the pedicles (1), and the opened 
spinal canal can be viewed from behind. The ventral (2) and 
dorsal (3) nerve roots leave the spinal cord as small rootlets 
(4) that caudally converge into a common nerve root trunk. 
Just prior to leaving the spinal canal, there is a swelling of the 
dorsal nerve root called the dorsal root ganglion (5). Caudal 
to the dorsal root ganglion, the ventral and the dorsal nerve 
roots mix and form the spinal nerve (6). The spinal dura 
encloses the nerve roots both as a central cylindrical sac (7), 
and as separate extensions called root sleeves (8). (Repro- 
duced with permission from Olmarker, K., Thesis, 1990.) 
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Figure 16.2 Cross-section of a segment of the spinal cord 
(SC), a ventral (VR) and a dorsal (DR) spinal nerve root. The 
cell bodies (MCB) of the motor axons, which run in the 
ventral nerve root, are located in the anterior horn of the 
gray matter of the spinal cord. The cell bodies (SCB) of the 
sensory axons, which run in the dorsal nerve root, are 
located in the dorsal root ganglion (DRG). The ventral and 
dorsal nerve roots blend just caudal to the dorsal root 
ganglion, and form the spinal nerve (SN). The spinal cord is 
covered with the pia mater (PM). This sheath continues out 
on the spinal nerve roots as the root sheath (RS). The root 
sheath reflects to the pia-arachnoid (PA) at the subarachnoid 
triangle (SAT). Together with the dura (D), the pia-arachnoid 
forms the spinal dura. The spinal cord and nerve roots are 
floating freely in the cerebrospinal fluid (CSF) in the 
subarachnoid space. (Reproduced with permission from 
Olmarker, K., Thesis, 1990.) 


In the early embryonic phases, the spinal cord has 
the same length as has the spinal column. F.ach 
segmental cord level in the spine is thus located to 
the corresponding vertebral level. However, when 
the spine grows, the spinal cord cannot compensate 
for this elongation, and will in the adult be con- 
siderably shorter than the fully grown spinal column. 
The result of this ascensis spinalis is that the 
segmental levels of the spinal cord are located much 
more cranial than is the corresponding vertebral 
level. The termination of the spinal cord is called the 
conus medullaris, and is, due to this relative eleva- 
tion of the spinal cord, located at thoracic vertebrae 
11 and 12. The nerve roots of the lumbar and sacral 
levels therefore have to pass a considerable distance 
caudally in the spinal canal before reaching their exit 
level. Below the level of the conus medullaris there is 
thus only a bundle of nerve roots in the spinal canal 
and no spinal cord. This bundle of nerve roots has 
been named 'cauda equina' due to its resemblance to 
the tail of a horse. 

Information between the spinal cord and the 
periphery travels in both directions. Motor or efferent 
impulses travel in nerve roots that leave the spinal cord 
from its anterior aspect, and sensory or afferent 
information reach the spinal cord via nerve roots that 
join the spinal cord on its posterior aspect (Figures 
1 6. 1 and 16.2). The ventral nerve roots are therefore 
also referred to as ‘motor nerve roots' and the 
posterior roots as ‘sensory nerve roots’. This separa- 


tion of in and out-going information to motor and 
sensory nerve roots is generally known as ‘the law of 
Magendie’. The cell bodies of the axons in the motor 
roots are located in the anterior horn of the gray matter 
of the spinal cord. The corresponding cell bodies for 
the axons in the sensory roots are located in an 
enlargement of the sensory roots, called the dorsal 
root ganglion (DRG), which is located in or near the 
intervertebral foramen (Hasue et al. , 1989) Each 
dorsal root ganglion is enclosed by a capsule formed 
by both a multi-layered connective tissue sheath 
similar to the perineurium of the peripheral nerve, and 
a loose connective tissue layer called epineurium 
(Andres, 1967; McCabe and Low, 1969). 

The axons of the nerve root are located in the 
endoneural space (Figure 16.3). The endoneurium is 
similar between the nerve roots and the peripheral 
nerves (Gamble, 1964). However, the amount of 
collagen in nerve roots is five times less than in 
peripheral nerves, but six times more than in the 
spinal cord (Stodieck et at., 1986). There are also 



Figure 16.3 (Top) The axons of the spinal nerve roots are 
located in the endoneurium, which is enclosed only by the 
thin root sheath (arrows) and cerebrospinal fluid (CSF) 
(cauda equina from pig, stain: Richardson, bar = 100 pm). 
(Bottom) The endoneurium of the peripheral nerves is 
similar to that of the nerve roots. In the peripheral nerve, 
however, the axons are enclosed by the perineurium (1) and 
the epineurium (2). Blood vessels are located between the 
different nerve fascicles in the epineurium (N tibialis from 
rabbit, stain: Richardson, bar = 100 pm). (Reproduced with 
permission from Olmarker, K., Thesis, 1990.) 
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blood vessels, fibroblasts and collagen fibres in the 
endoneurium (Gamble and Eames, 1966). The pres- 
ence of lymphatic vessels within the endoneurium 
has not been defined (Sunderland, 1978). 

Outside the endoneurium of the nerve root, and 
thus separating the endoneurium from the cer- 
ebrospinal fluid, is the root sheath. The root sheath is 
a structure with certain similarities to the pia mater of 
the spinal cord. Usually there are two to five cellular 
layers, which differ histologically between the outer 
and the inner layers (Haller and Low, 1971; Steer, 
1971). The cells of the outer layers resemble the pia 
cells of the spinal cord in the proximal part and 
arachnoid cells in the distal part of the nerve roots. 
These layers form a loose connective tissue sheath. 
The inner cell layers ar e more similar to the perineu- 
rium of peripheral nerves, with histologic character- 
istics of a structure with barrier properties (McCabe 
and Low, 1969) There is also an interrupted base- 
ment membrane which encloses the different cells. 
However, the root sheath is probably not an efficient 
diffusion barrier. In recent experiments, it has been 
shown that there is almost a free passage even of 
relatively large molecules across the root sheath 
(Rydevik et al . , 1 990; Yoshizawa et at, 1991). 

The spinal dura mater encloses the nerve root with 
its endoneurium and root sheath, as well as the 
cerebrospinal fluid. The spinal dura is formed by an 
extension of the inner layer of the cranial dura mater 
that continues down the spinal canal. The outer layer 
of the cranial dura mater will mix with the perios- 
teum of the part of the lamina of the cervical 
vertebrae facing the vertebral canal. The inner dura 
layer is tightly joined with the arachnoid and thus 
forms the spinal dura. There is a diffusion barrier 
located between the collagen lamellae of the dura 
and the cells of the arachnoid, called the neuro- 
thelium (Andres, 1967). The neurothelium shows a 
certain resemblance to the perineurium of the 
peripheral nerves. 

Vascular anatomy of the spinal 
nerve roots 


When the segmental arteries approach the inter- 
vertebral foramen they divide into three different 
branches; a) an anterior branch which supplies the 
posterior abdominal wall and lumbar plexus, b) a 
posterior branch which supplies the paraspinal mus- 
cles and facet joints, and c) an intermediate branch 
which supplies the content of the spinal canal (Crock 
and Yoshizawa, 1976). A branch of the intermediate 
branch joins the nerve root at the level of the dorsal 
root ganglion. There are usually three branches from 
this vessel; one to the ventral root, one to the dorsal 
root and one to the vasa corona of the spinal cord. 
The branch to the vasa corona of the spinal cord, 


called the medullary feeder artery, is variable. There 
are only seven or eight remaining of the original 128 
from the embryologic period of life. These vessels 
thus each supply more than one segment of the 
spinal cord (Lazorthes et al., 1971). The main 
medullary feeder artery in the thoracic region of the 
spine, which is predominant for the vascular supply 
of the spinal cord, was discovered by Adamkiewicz in 
1881 and still bears his name (Adamkiewicz, 1881). 
The medullary feeder arteries run parallel to the 
nerve roots but do not directly participate in the 
blood supply to the nerve root since there are no 
connections between these vessels and the vascular 
network of the nerve roots (Parke and Watanabe, 
1985). They have therefore been referred to as the 
extrinsic vascular system' of the cauda equina (Parke 
et al., 1981). 

The vascular system of the nerve roots is formed by 
branches from the intermediate branch of the seg- 
mental artery distally, and by branches from the vasa 
corona of the spinal cord proximally. As opposed to 
the medullary feeder arteries, this vascular network 
has been named the intrinsic vascular system’ of the 
cauda equina (Parke and Watanabe, 1985; Petterson 
and Olsson, 1989). The distal branch to the dorsal 
root first forms the gangLionic plexus within the 
dorsal root ganglion. The vessels run within the outer 
layers of the root sheath, called epi-pial tissue' 
(Waggener and Beggs, 1967). The vessels from the 
periphery and from the spinal cord anastomose in the 
proximal one-third of the nerve roots (Parke et al., 
1981). The anastomosing region has been suggested 
to have a less developed vascular network and could 
under such circumstances be a particularly vulner- 
able site of the nerve roots (Parke et al., 1981). 
However, this is an issue of some controversy in the 
literature (Crock et al . , 1986). 

The main intrinsic vessels of the nerve root, 
located in the root sheath, send steep branches into 
the nerve root, which form new vessels that run 
parallel to the axons and in turn provide branches to 
the capillary networks (Figure 16.4). Unlike periph- 
eral nerves, the venules do not course together with 
the arteries in the nerve roots but instead usually 
have a spiralling course’ in the deeper parts of the 
nerve tissue (Parke and Watanabe, 1985) 

Between the lumen of the capillaries and the axons 
in the endoneurial space there is a barrier. This is 
located to the endothelial cells of the capillaries and 
is thus similar to the blood -nerve barrier seen in 
peripheral nerves (Waksman, 1961). However, the 
barrier in the nerve root has been found to be 
relatively weak (Olsson, 1968, 1971). There is experi- 
mental evidence that normal leakage of serum 
albumin from nerve root capillaries to the endoneu- 
rium does exist, but such leakage is less than in the 
dorsal root ganglion and in the epineurium of 
peripheral nerves (Olsson, 1968, 1971; Olmarker et 
al., 1989a). However, the capillaries in the dorsal root 
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Figure 16.4 The arterioles within the cauda equina may be referred to either the 
extrinsic (I) or the intrinsic (2) vascular system. From the superficial intrinsic arterioles 
(2a) there are branches that continue almost at right angles down between the fascicles. 
These vessels often run in a spiralling course, thus forming vascular coils' (3). When 
reaching a specific fascicle they branch in a T-like manner, with one branch running 
cranially and one caudally, forming interfascicular arterioles (2b). From these inter- 
fascicular arterioles there are small branches that enter the fascicles where they supply 
the endoneurial capillary networks (2c). The arterioles of the extrinsic vascular system 
run outside the spinal dura (4) and have no connections with the intrinsic system by local 
vascular branches. The superficial intrinsic arterioles (2a) are located within the root 
sheath (5). (Reproduced with permission from, Olmarker, K., Thesis, Gothenburg, 
1990.) 


ganglion are fenestrated (Olsson, 1971; Jacobs et al., 
1976; Arvidsson, 1979), and the barrier present in the 
capillaries in the epineurium of peripheral nerves is 
less efficient than in the endoneurium (Lundborg, 
1975; Rydevik and Lundborg, 1977). Thus, the blood - 
nerve barrier of nerve roots does not seem to be as 
well developed as in peripheral nerves, which 
implies that oedema may be formed more easily in 
nerve roots. 


Compression pathophysiology of 
the nerve roots of the lumbar 
spine 


Enclosed by the vertebral bones, the spinal nerve 
roots are relatively well protected from external 
trauma. However, since the nerve roots do not 
possess the same amounts and organization of 
protective connective tissue sheaths as do the periph- 
eral nerves, the spinal nerve roots are probably 
particularly sensitive to mechanical deformation due 
to intraspinal disorders such as disc herniations/ 
protrusions, spinal stenosis, degenerative disorders 
and tumours (Murphy, 1977; Rydevik et al., 1984). 
There has been a moderate interest in the past to 


study nerve root compression in experimental mod- 
els. Gelfan andTarlov in 1956 and Sharpless in 1975 
performed some initial experiments on the effects of 
compression on nerve impulse conduction. 
Although, no calibration was performed of the 
compression devices used, the results of both papers 
indicated that nerve roots were more susceptible to 
compression than peripheral nerves (Gelfan and 
Tarlov, 1956; Sharpless, 1975). During recent years, 
however, the interest in nerve root pathophysiology 
has increased considerably and a number of studies 
have been performed and will be reviewed below. 

Experimental nerve root compression 

Some years ago, a model was presented for compres- 
sion of the cauda equina in pigs, that for the first time 
allowed for experimental, graded compression of 
cauda equina nerve roots at known pressure levels 
(Olmarker et al., 1991a, b). In this model, the cauda 
equina was compressed by an inflatable balloon that 
was fixed to the spine (Figure 16 5). The cauda 
equina could also be observed through the trans- 
lucent balloon This model made it possible to study 
the flow in the intrinsic nerve root blood vessels at 
various pressure levels (Olmarker et al., 1989b, 
1991c). The experiment was designed in a way that 
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Figure 16.5 Schematic drawing of experimental model. 
The cauda equina (A) is compressed by an inflatable balloon 
(B) that is fixed to the spine by two L-shaped pins (C) and a 
Plexiglas plate (D). (Reproduced with permission from 
Spine , Olmarker et at, 1989a.) 


the pressure in the compression balloon was 
increased by 5 mmHg every 20 seconds. The blood 
flow and vessel diameters of the intrinsic vessels 
could simultaneously be observed through the bal- 
loon, using a vital microscope. The average occlusion 
pressure for the arterioles was found to be slightly 
below and directly related to the systolic blood 
pressure. The blood flow in the capillar)' networks 
was intimately dependant on the blood flow of the 
adjacent venules. This corroborates the assumption 
that venular stasis may induce capillary stasis and thus 
changes in the microcirculation of the nerve tissue, 
and which has been suggested as one of the 
mechanisms in the carpal tunnel syndrome (Sunder- 
land, 1976). The mean occlusion pressures for the 
venules demonstrated large variations. However, a 
pressure of 5-10 mmHg was found to be sufficient for 
inducing venular occlusion. Due to retrograde stasis, 
it is not unlikely that the capillary blood flow will be 
affected as well in such situations. 

In the same experimental set-up, the effects of 
gradual decompression, after initial acute compres- 
sion maintained for only a short while, were studied 
(Olmarker et al., 1991c). It was seen that the average 
pressure for starting the blood flow was slightly 
lower for arterioles, capillaries and venules However, 
with this protocol it was found that there was not a 
full restoration of the blood flow until the compres- 
sion was lowered from 5 mmHg to 0 mmHg. This 
observation further stresses the previous impression 
that vascular impairment is present even at low 
pressure levels. 

A compression-induced impairment of the vascu- 
lature may thus be one mechanism for nerve root 
dysfunction since the nutrition of the nerve root will 
be affected. However, the nerve roots will also derive 
a considerable nutritional supply via diffusion from 


the cerebrospinal fluid (Rydevik et al., 1990). To 
assess the compression-induced effects on the total 
contribution to the nerve roots an experiment was 
designed where 3H-labelled methyl-glucose was 
allowed to be transported to the nerve tissue in the 
compressed segment both via blood vessels and via 
cerebrospinal fluid diffusion after systemic injection 
(Olmarker et al., 1990a). The results showed that no 
compensatory mechanism from cerebrospinal fluid 
diffusion could be expected at the low pressure 
levels. On the contrary, 10 mmHg 
sufficient to induce a 20-30% reduction of the 
transport of methyl-glucose to the nerve roots, as 
compared to control. 

It is known from experimental studies on periph- 
eral nerves that compression also may induce an 
increase in the vascular permeability, leading to an 
intraneural oedema formation (Rydevik and Lund- 
borg, 1977). Such oedema may increase the endo- 
neurial fluid pressure (Low and Dyck, 1977; Lund- 
borg et al., 1983; Myers and Powell, 1984; Rydevik et 
al., 1989a), which in turn may impair the endoneurial 
capillary blood flow and in such way jeopardize the 
nutrition of the nerve roots (Low et al., 1982, 1985; 
Myers etal., 1982; Myers and Powell, 1984). Since the 
oedema usually persists for some time after the 
removal of a compressive agent, oedema may neg- 
atively affect the nerve root for a longer period than 
the compression itself. The presence of an intraneural 
oedema is also related to subsequent formation of 
intraneural fibrosis (Rydevik etal., 1976), and may in 
such a way contribute to the slow recovery seen in 
some patients with nerve compression disorders. To 
assess if intraneural oedema may form also in nerve 
roots as the result of compression, the distribution of 
Evan s blue-labelled albumin (EBA) in the nerve tissue 
was analysed after compression at various pressures 
and at various durations (Figure 16.6, Olmarker et al., 
1989a). The study showed that oedema was formed 
even at low pressure levels. The predominant location 
was at the edges of the compression zone. 

The function of the nerve roots has been studied by 
direct electrical stimulation and recordings either on 
the nerve itself or in the corresponding muscular 
segments (Olmarker et al., 1990b; Pedowitz et al., 
1991; Rydevik etal., 1991; Garftn et al., 1993). During 
a 2-hour compression period, a critical pressure level 
for inducing a reduction of MAP-amplitude seems to 
be located between 50-75mmHg (Figure 16.7). 
Higher pressure levels (100-200 mmHg) may induce a 
total conduction block with varying degrees of 
recovery after compression release. To study the 
effects of compression on sensory nerve fibres, the 
electrodes in the sacrum were instead used to record a 
compound nerve action potential after stimulating the 
sensory nerves in the tail, i.e. distal to the compression 
zone. The results showed that the sensory fibres are 
slightly more susceptible to compression than the 
motor fibres (Pedowitz et al., 1991; Rydevik et al., 
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Figure 16.6 Photograph of a longitudinal section of a single nerve root with intrancural oedema. The EBA (white) is located 
between the axons (black) in all parts of the endoneurium visible in the picture. Two endoneurial vessels to the left of the 
picture (asterisks) contain EBA (white) and blood cells (black) (bar = 100 pm). (Reproduced with permission from Spine, 
Olmarker el al . , 1989a.) 


1991). Also, the nerve roots are more susceptible to 
compression injury if the blood pressure is lowered 
pharmacologically (Garfin, 1990). This further implies 
the importance of the blood supply to maintain the 
functional properties of the nerve roots. 

Onset rate of compression 

When discussing the effects of compression on nerve 
tissue there is one thing that must be kept in mind that 
has not been considered until lately; the onset rate of 
the compression. The onset rate, i.e. the time from 
compression start until full compression, may vary 
clinically from fractions of seconds in traumatic 
conditions to months or years in association with 
degenerative processes. Even in the clinically rapid 
onset rates there may be a wide variation of onset 
rates. With the presented model it was possible to vary 
the onset time of the applied compression. Two onset 
rates have been investigated. Either the pressure is 
preset and compression is started by flipping the 
switch of the compressed-air system used to inflate the 
balloon, or the compression pressure level is slowly 
increased during 20 seconds. The first onset rate was 


measured to be 0.05-0.1 seconds, which thus 
provides a rapid inflation of the balloon and a rapid 
compression onset. 

Such a rapid onset rate was found to induce more 
pronounced effects on oedema formation (Olmarker 
et al., 1989a), methyl-glucose transport (Olmarker et 
al., 1990a), and impulse propagation (Olmarker et al.., 
1990b) than the slow onset rate. Regarding methyl- 
glucose transport, the results are presented in Figure 
16.7 and show that the levels within the compression 
zone is more pronounced at the rapid than at the slow 
onset rate at corresponding pressure levels. There was 
also a striking difference between the two onset rates 
when considering the segments outside the compres- 
sion zones. In the slow onset series the levels 
approached base-line values closer to the compression 
zone than in the rapid onset series. This may indicate 
the presence of a more pronounced edge-zone 
oedema in the rapid onset series, with a subsequent 
reduction of the nutritional transport also in the nerve 
tissue adjacent to the compression zone 

For the rapid onset compression, which of course 
is more closely related to spinal trauma or disc 
herniation than to spinal stenosis, it has been seen 
that a pressure of 600mmHg maintained only for one 
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Figure 16.7 Average amplitude of fastest conducting nerve 
fibres expressed in percent of baseline value The diagrams 
show the results of 2 hours of compression and 1.5 hours of 
recovery for sham compression and for rapid and slow onset 
of compression at 50 mmHg, lOOmmHg and 200 mmHg. 
(Reproduced with permission from Spine, Olmarker et at, 
1990b.) 


second is sufficient to induce a gradual impairment of 
nerve conduction during the 2 hours studied after the 
compression was ended (Olmarker at al., 1991d). 
Overall, the mechanisms for these pronounced differ- 
ences between the different onset rates are not clear, 
but may be related to differences in displacement 
rates of the compressed nerve tissue towards the 
uncompressed parts, due to the viscoelastic proper- 
ties of the nerve tissue (Rydevtk et al., 1989b). Such 
phenomena may lead to, not only structural damage 
to the nerve fibres, but also structural changes in the 
blood vessels with subsequent oedema formation. 
The gradual formation of intraneural oedema may 
also be closely related to the described observations 
of a gradually increasing difference in nerve conduc- 
tion impairment between the two onset rates 
(Olmarker et al., 1990b, 1991d). 


Multiple levels of nerve root 
compression 

Patients with double levels of spinal stenosis seem to 
have more pronounced symptoms than patients 
with a stenosis only at one level (Porter and Ward, 
1992). The presented model was modified to address 
this interesting clinical question. Using two balloons 
at two adjacent disc levels, which produced a 
10 mm uncompressed nerve segment between the 
balloons, resulted in a much more pronounced 
impairment of nerve impulse conduction than had 
been previously found at corresponding pressure 
levels (Olmarker et al., 1992). For instance, a 
pressure of 10 mmHg in two balloons induced a 60% 
reduction of nerve impulse amplitude during 2 
hours of compression, whereas 50 mmHg in one 
balloon showed no reduction. 

The mechanism for the difference between single 
and double compression may not simply be based on 
the fact that the nerve impulses have to pass more 
than one compression zone at double level compres- 
sion. There may also be a mechanism based on the 
local vascular anatomy of the nerve roots. Unlike 
peripheral nerves, there are no regional nutritive 
arteries from surrounding structures to the intra- 
neural vascular system in spinal nerve roots (Lund- 
borg, 1975; Parke et al., 1985; Petterson and Olsson, 
1989; Olmarker et al., 1991a). Compression at two 
levels might therefore induce a nutritionally impaired 
region between the two compression sites. In this 
way, the segment affected by the compression would 
be widened from one balloon diameter (10 mm) to 
two balloon diameters including the interjacent 
nerve segment (30 mm). This hypothesis was partly 
confirmed in an experiment on continuous analyses 
of the total blood flow in the uncompressed nerve 
segment located between two compression balloons. 
The results showed that a 64% reduction of total 
blood flow was induced when both balloons were 
inflated to 10 mmHg (Takahashi et al, 1993). At a 
pressure close to the systemic blood pressure there 
was complete ischaemia in the nerve segment. 
Preliminary data from a study on the nutritional 
transport to the nerve tissue at double level compres- 
sion has demonstrated that there is a reduction of this 
transport to the uncompressed nerve segment 
located between the two compression balloons, that 
was similar to the reduction within the two compres- 
sion sites (Cornefjord et al, 1992). There is thus 
experimental evidence that the nutrition to the nerve 
segment located between two compression sites in 
nerve roots is severely impaired although this nerve 
segment itself is uncompressed. 

Regarding nerve conduction (Olmarker et al., 
1992), it was also evident that the effects were much 
enhanced if the distance between the compression 
balloons was increased from one vertebral segment 
to two vertebral segments. However, this was not the 
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case in the nutritional transport study where the 
methyl-glucose levels in the compression zones and 
in the uncompressed intermediate segment were 
similar between double compression over one and 
two vertebral segments (Cornefjord et aL, 1992). This 
indicates that the nutrition to the uncompressed 
nerve segment located between two compression 
sites is affected almost to the same extent as at the 
compression sites, regardless of the distance between 
the compression sites, but that functional impairment 
may be directly related to the distance between the 
two compression sites. The impairment of the nutri- 
tion to the nerve segment between the two compres- 
sion balloons thus seems to be a more important 
mechanism, than the fact that the nerve impulses 
have to overcome two compression sites in double 
level compression. 


Chronic experimental nerve root 
compression 

The discussion of compression-induced effects on 
nerve roots has so far been dealing with acute 
compression, i.e. compression which lasts for some 
hours and with no survival of the animal. To mimic 
better the clinical situation, compression must be 
applied over longer periods of time. There are 
probably many changes in the nerve tissue, such as 
adaptation of axons and vasculature, that will occur 
in patients but cannot be studied in experimental 
models using only 1-6 hours of compression. 
Another important factor in this context is the onset 
rate that was discussed previously. In clinical syn- 
dromes with nerve root compression, the onset time 
may probably in many cases be quite slow. For 
instance, a gradual remodelling of the vertebrae to 
induce a spinal stenosis probably requires an onset 
time of many years. It will of course be difficult to 
mimic such a situation in an experimental model. It 
will also be impossible to have control over the 
pressure acting on the nerve roots in chronic models 
due to the remodelling and adaptation of the nerve 
tissue to the applied pressure. However, knowledge 
of the exact pressures is probably of less importance 
in chronic than in acute compression situations. 
Instead, chronic models should Induce a controlled 
compression with a slow onset time that is easily 
reproducible. Such models may be well suited for 
studies on pathophysiologic events as well as inter- 
vention by surgery or drugs. Some attempts have 
been made to induce such compression. 

Delamarter and collaborators presented a model on 
the dog cauda equina in which they applied a 
constricting plastic band (Delamarter et al., 1990). 
The band was tightened around the thecal sac to 
induce a 25, 50, or 75% reduction of the cross- 
sectional area. The band was left in its place for 


various times. Analyses were performed and showed 
both structural and functional changes that were 
proportional to the degree of constriction. 

To induce a slower onset and more controlled 
compression, Cornefjord and collaborators used a 
constrictor to compress the nerve roots in the pig 
(Cornefjord et al., 1995b). The constrictor was ini- 
tially intended for inducing vascular occlusion in 
experimental ischaemic conditions in dogs. The 
constrictor consists of an outer metal shell that on 
the inside is covered with a material called ameroid 
that expands when in contact with fluids. Because 
of the metal shell the ameroid expands inwards with 
a maximum of expansion after 2 weeks, resulting in 
a compression of a nerve root placed in the central 
opening of the constrictor. Compression of the first 
sacral nerve root in the pig has resulted in a 
significant reduction of nerve conduction velocity 
and axonal injuries using a constrictor with a 
defined original diameter (Cornefjord et al., 1995b). 
It has also been found that there is an increase in 
substance P in the nerve root and the dorsal root 
ganglion following such compression (Cornefjord et 
al., 1995a). Substance P is a neurotransmitter that is 
related to pain transmission. The study may thus 
provide experimental evidence that compression of 
nerve roots produces pain. The constrictor model 
has also been used to study blood flow changes in 
the nerve root vasculature (Sato et al., 1994). It 
could then be observed that the blood flow is not 
reduced just outside the compression zone, but 
significantly reduced in parts of the nerve roots 
located inside the constrictor. 

One important aspect in clinical nerve root com- 
pression conditions is that the compression level is 
probably not stable but varies as the result of changes 
in posture and movements (Takahashi et al, 1995, 
Konno et al, 1995a). Konno and collaborators 
recently introduced a model where the pressure 
could be changed after some time of initial chronic 
compression (Konno et al, 1995b). An inflatable 
balloon was introduced under the lamina of the 
seventh lumbar vertebrae in the dog. The normal 
anatomy and the effects of acute compression using 
compressed air was first evaluated in previous studies 
(Sato et al., 1995). By inflating the balloon at a known 
pressure slowly over 1 hour with a viscous substance 
that would harden in the balloon, a compression of 
the cauda equina could be induced with a known 
initial pressure level. The compression was verified 
by myelography. Since the balloon’ under the lamina 
comprised a twin set of balloons, the second balloon 
component could be connected to compressed-air 
and could be used to add compression to the already 
chronically compressed cauda equina. 

In conclusion, acute nerve root compression 
experiments have been performed that have estab- 
lished critical pressure levels for interference with 
various physiologic parameters in the spinal nerve 
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roots. However, studies on chronic compression may 
provide knowledge that will be more applicable to 
the clinical situation. 

Nucleus pulposus-induced nerve 
root injury 


Although it is well known clinically and also experi- 
mentally that mechanical deformation such as com- 
pression or elongation may induce changes in nerve 
root impulse conduction and structure, it has often 
been recognized that mechanical deformation alone 
can not be responsible for the symptomatology in 
many cases (Murphy, 1977; Rydevik et al 1984; 
Olmarker ef al., 1993). It has thus been suggested that 
components of the intervertebral discs, mainly the 
nucleus pulposus, may induce some non-mechanical' 
effects on the nerve roots. A new interesting field of 
research has been on-going for some years and the 
current knowledge will be reviewed. 

Rydevik and collaborators applied autologous 
nucleus pulposus, obtained from a lumbar disc in the 
same animal, onto the tibial nerve of rabbits (Rydevik 
et al., 1983). However, no changes in nerve function 
or structure could be observed. McCarron and 
collaborators applied autologous nucleus pulposus 
from discs of the dogs tail in the epidural space of the 
animal (McCarron et al., 1987). They could observe 
that there was an epidural inflammatory reaction that 
did not occur when saline was injected as control. 
However, the nerve tissue was never assessed in this 
study. 

Recently, Olmarker and collaborators presented a 
study that demonstrated that autologous nucleus 
pulposus may induce a reduction in nerve conduc- 
tion velocity and light microscopic structural changes 
in a model of the pig cauda equina (Olmarker et al., 
1993). However, these axonal changes had a focal 
distribution and were too limited to be responsible 
for the significant neurophysiologic dysfunction 
observed. A follow-up study on the light micro- 
scopically normal areas revealed that there were 
significant injuries of the Schwann cells with vacuoli- 
zation and disintegration of the Schmidt- La nterman 
incisures (Olmarker et al., 1996). These Schmidt- 
Lanterman incisures are essential for the normal 
exchange of ions between the axon and the surround- 
ing tissues. An injury to this structure would therefore 
result in changes in the normal impulse conduction 
properties of the axons. However, these changes 
were also too limited to fully explain the neuro- 
physiological dysfunction observed. 

From these experiments, the mechanisms for the 
nucleus pulposus-induced nerve root injury could 
not be fully understood. However, there were indi- 
cations in these studies that inflammatory reactions 
were present, at least epidurally. This initiated a 


study where a potent anti-inflammatory agent, 
methylprednisolone, was administered at different 
times intravenously after nucleus pulposus-applica- 
tion (Olmarker et al., 1994). The results showed 
clearly that the nucleus pulposus-induced reduction 
in nerve conduction velocity was eliminated if 
methyl-prednisolone was administered within 24 
hours of application. If methylprednisolone was 
administered within 48 hours the effect was not 
eliminated, but significantly lower than if no drug 
was used. This observation indicates that the neg- 
ative effect does not occur immediately but will 
develop during the first 24 hours after application. 
However, if methyl-prednisolone is administered 
within 24 hours, there are still areas in the nerve 
roots, demonstrating normal impulse conduction 
properties that have light microscopic axonal chan- 
ges in the same magnitude as in the previous study 
(Olmarker et al., 1993). This further corroborates 
the impression that the structural nerve injury 
inducing nerve dysfunction may not be found at the 
light microscopic level but must be sought for at the 
subcellular level. 

Although methylprednisolone may intervene with 
the pathophysiologic events of the nucleus pulposus- 
induced nerve root injury, it was not clear if this was 
due to the anti-inflammatory properties of the 
methylprednisolone or some other property. To 
establish if the presence of autologous nucleus 
pulposus could initiate a leukotactic response from 
the surrounding tissues a study was initiated that 
assessed the potential inflammatogenic properties of 
the nucleus pulposus (Olmarker et al., 1995). Autolo- 
gous nucleus pulposus and autologous retroperitoneal 
fat were placed in separate small perforated titanium 
chambers and placed subcutaneously, together with a 
sham chamber, in the pig. Seven days later, the number 
of leukocytes were assessed for the chambers. The 
number of leukocytes was the same in both the fat and 
the sham chambers. However, the nucleus pulposus- 
containing chambers had a number of leukocytes that 
exceeded the two others by 250%. Also, when injected 
locally in contact with the microvasculature of the 
hamster cheek-pouch, nucleus pulposus induced an 
increase in permeability for macromolecules that was 
not present if the animals were simultaneously treated 
with indomethacin (Blomquist et al., 1995; Olmarker 
etal., 1995). 

These two latter studies thus indicate that inflam- 
matory mediators may be produced when nucleus 
pulposus is in contact with other tissues. However, it 
is at present not evident if these mediators are 
produced and released by cells in the nucleus 
pulposus itself or by cells in the surrounding struc- 
tures. It has been suggested that since the nucleus 
pulposus is avascular and thus hidden' from the 
systemic circulation, a presentation of the nucleus 
pulposus could result in an auto immune reaction 
directed to antigens present in the nucleus pulposus, 
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and that bioactive substances from this reaction may 
injure the nerve tissue (Naylor, 1962, 1971, 1975; 
Bobechko et al., 1965; LaRocca, 1971; Gertzbein, 
1977; Gertzbein et al. , 1975, 1977; Bisla etal., 1976). 
However, no clear data exist as to whether this is a 
clinical reality or not. It seems more likely that 
substances should be produced by the cells of the 
nucleus pulposus. Recent studies have also con- 
firmed that these cells may produce metalloproteases 
such as collagenase or gelatinase, as well as inter- 
leukin-6 and prostaglandin E2 (Kang et al., 1995). 
Using the same pig model as described, Olmarker and 
coworkers have assessed the possible role of the 
nucleus pulposus cells for the nucleus pulposus- 
induced nerve injury (Olmarker et al., 1995c). In a 
blinded fashion, autologous nucleus pulposus was 
subjected to 24 hours of freezing at -20°C, digestion 
by hylauronidase or just to a heating-box at 37°C for 
24 hours. The treated nucleus pulposus was reapplied 
after 24 hours and analyses were performed 7 days 
later. It was then evident that in animals where the 
nucleus pulposus had been frozen, and the cells thus 
killed, there were no changes in nerve conduction 
velocity, whereas in the other two series, the results 
were similar to the previous study (Olmarker et al., 
1993). It therefore seems reasonable to believe that 
the cells have been responsible in some way for 
inducing the nerve injury. 

There will probably be rapid progress in this area in 
the coming years that eventually could lead to better 
methods for both diagnosis and treatment of nerve 
root-related spinal pain syndromes. 
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The pathoanatomic basis of somatic, autonomic 
and neurogenic syndromes originating in the 

lumbosacral spine 

J. Randy Jinkins 


Summary 


Clinical manifestations engendered within the lumbo- 
sacral spine encompass both pain and disability. 
While present diagnostic imaging methods are excel- 
lent in their sensitivity to the detection of disease, 
they do not always clearly explain the specific origin 
or nature of patient signs and symptoms. Never- 
theless, there are definite anatomically based neuro- 
genic syndromes originating in the lumbosacral 
spine. These include local spinal, centripetally/cen- 
trifugally referred, and centripetally/centrifugally 
radiating syndromes that may be superimposed upon 
one another, thereby complicating precise clinical 
analysis. An in-depth review of the neuroanatomical 
and theoretical concepts associated with the syn- 
dromes of the lumbosacral spine provides a basis for 
the understanding of this complex, sometimes con- 
founding area of clinicoradiological diagnosis. 


Introduction 


The clinical state of neurogenic spinal radiculopathy 
accompanying nerve root, spinal nerve, and dorsal 
root ganglion, injury, may be associated with definite 
somatic and autonomic syndromes. The combined 
clinical complex includes: 1) centripetally/centri- 
fugally radiating radicular pain and paresthesias, 2) 
muscle strength and reflex dysfunction, 3) local and 
centripetally/centrifugally referred pain, 4) auto- 
nomic reflex dysfunction within the lumbosacral 
zones of Head, and 5) generalized alterations in 
autonomic viscerosomatic tone. These varied 
syndromes may be superimposed upon one another. 
The anatomical basis for the origin and mediation of 
clinical signs and symptoms related to the lumbo- 


sacral neural plexus rests with: 1) afferent and 
efferent somatic neural branches emanating from the 
ventral and dorsal rami of the spinal nerve, 2) neural 
rami projecting directly to, and originating from, the 
paravertebral autonomical neural plexus, and 3) the 
dorsal and ventral spinal nerve roots and spinal 
nerves themselves. These fibres originate and termi- 
nate in the spinal column and related non-neural 
perispinal and intraspinal tissues, in the spinal 
nerves and their ramifications in regional neural 
tissue intimately related to the spinal elements, and 
in the peripheral neural and non-neural tissues. Thus, 
conscious perception, and unconscious effects 
originating from the vertebral column and its neural 
structures, although complex, have definite 
pathways represented in this network of innervation 
associated with intimately related and/or parallel 
peripheral and central nervous system (CNS) 
ramifications. 

Anatomy of local spinal 
syndromes 


Somatic innervation of ventral spinal 
elements 

The anatomical basis for discogenic and, therefore, 
vertebrogenic pain, rests partially with afferent 
somatic fibres originating from the recurrent menin- 
geal nerve (sinuvertebral nerve of Luschka). This nerve 
supplies the posterior longitudinal ligament, the 
meninges, the blood vessels, the posterior extent of 
the outermost fibres of the anulus fibrosus, a portion 
of the periosteum of the vertebral bodies, and the 
underlying bone. In addition, a variable small afferent 
branch from the ventral ramus of the somatic spinal 
nerve root may directly innervate the posterolateral 
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Figure 17.1. Schematic diagram of somatic and autonomic 
innervation of ventral spinal canal and structures of ventral 
aspect of spinal column: l = nucleus pulposus; 2 = anulus 
fibrosus; 3 = anterior longitudinal ligament/periosteum; 
4 = posterior longitudinal ligament/periosteum; 5 = lepto 
meninges, 6 = epidural vasculature; 7 = filum terminale; 
8 = intrathecal lumbosacral nerve root; 9 = ventral root; 
10 = dorsal root; 1 1 = dorsal root ganglion; 12 = dorsal ramus 
of spinal nerve; 13 = ventral ramus of spinal nerve; 
14 = recurrent meningeal nerve (sinuvertebral nerve of 
Luschka); 1 5 = autonomic (sympathetic) branch to recurrent 
meningeal nerve; 16 = direct somatic branch from ventral 
ramus of spinal nerve to lateral disk; 17 = white ramus 
communicans (not found, or found irregularly, caudal to L2); 
18 = gray ramus communicans (multilevel irregular lumbo- 
sacral distribution); 19 = lateral sympathetic efferent bran- 
ches projecting from gray ramus communicans; 20 = para- 
spinal sympathetic ganglion (PSG); 21 = craniocaudal 
extension of paraspinal sympathetic chain; 22 = anterior 
paraspinal afferent sympathetic ramus (i) projecting to PSG; 
23 = anterior sympathetic efferent branches projecting from 
PSG; 24 = lateral paraspinal afferent sympathetic ramus 
projecting to PSG. (Note - afferent and efferent sympathetic 
paraspinous branches/rami may be partially combined in 
vivo) (Adapted from Jinkins, J.R., Wluttcmore, A.R. and 
Bradley, W.G. (1989)The anatomic basis of vertebrogenic pain 
and the autonomic syndrome associated with lumbar disk 
extrusion. AJNR, 10, 219-231; AJR, 152, 1277-1289; with 
permission.) 



Figure 17.2 Schematic diagrams depicting lumbar afferent 
sensory patterns. A. Direct somatic afferent inflow into 
central nervous system (CNS) from branches of somatic 
spinal nerves at all levels. B. Ascending autonomic (sym- 
pathetic) afferent inflow diversion into CNS of lumbosacral 
sympathetic fibres. This inflow pattern is inconstant due to 
the absence, or irregular distribution, of white tami commu- 
nicantes occurring between the L2 and S2 vertebral levels. 
ASC = ascending sympathetic chain; large diameter solid 
lines = afferent sympathetic network; short arrows = affer- 
ent sympathetic inflow from ventral spinal elements; dotted 
lines = afferent sympathetic inflow from dorsal spinal ele- 
ments. (Adapted from Jinkins, J.R., Whittemore, A.R. and 
Bradley, W.G. (1989) The anatomic basis of vertebrogenic 
pain and the autonomic syndrome associated with lumbar 
disk extrusion AJNR, 10, 219-231 , AJR, 152, 1277-1289; 
with permission.) 
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aspect of the vertebral body and related tissues over an 
inconstant range. Irregular, unnamed afferent bran- 
ches of the somatic nerves also likely contribute to 
direct spinal and perispinal soft tissue innervation. Any 
traumatic involvement of these neural and non-neural 
tissues may incite well-circumscribed local somatic 
pain because of this somatosensory innervation 
pattern (Figure 17.1), and because of the direct 
segmental nature of the afferent inflow from the 
segment or origin into the CNS via the somatic spinal 
nerves (Figure 17. 2A) (Wiberg, 1949; Jackson et at., 
1966; Edgar and Ghadially, 1976; Bogduk et al. , 1981; 
Bogduk, 1983; Paris, 1983; Wyke, 1987; Lundborgand 
Dahlin, 1989; Groen et al. , 1990). This direct somato- 
sensory afferent inflow seems to insure a relatively 
accurate spatial registration of impulses coming into 
the CNS with regard to stimulus origin. At the same 
time, injury to somatic efferent motor fibres contained 
in the ventral ramus of the spinal nerve, or the spinal 
nerve itself, might yield muscular weakness and 
muscle reflex dysfunction. 


Somatic innervation of dorsal spinal 
elements 

The posterior spinal zygapophysial (facet) joints, as 
well as the surrounding bone and posterior spinal 
muscular and ligamentous tissues, receive their inner- 
vation primarily, although not solely, from the dorsal 
rami of the spinal nerves. In total, there are poten- 
tially five main branches innervating these structures 
that are of somewhat irregular origin and number. 
These include neural fibres arising directly from the 
main trunk of the dorsal ramus of the spinal nerve, 
from the medial branch of the dorsal ramus, from the 
lateral branch of the dorsal ramus, from the main 
trunk of the ventral ramus, and from the combined 
spinal nerve itself before its bifurcation into the 
dorsal and ventral rami (Figure 17.3) (Bogduk and 
Long, 1979; Bogduk et al. , 1982; Auteroche, 1983) 
On careful anatomical study, the dorsal elements of 
the spinal column and surrounding tissues have been 
demonstrated to have remarkably variable fields of 



Figure 17.3 Schematic diagrams outlining innervation of structures of dorsal aspect of spinal column A Somatic-autonomic 
neural network innervating the dorsal spinal elements at or above the level of L2. (Adapted from Auteroche, P. (1983) 
Innervation of the zygapophysial joints of the lumbar spine. Anal. Clin., 5, 17-28, with permission). 1 = neural fibres from 
main trunk of spinal nerve (A); 2 = neural fibres from ventral ramus (B) of spinal nerve; 3 = neural fibres from lateral branch 
of dorsal ramus (C); 4 = neural fibres from medial branch of dorsal ramus (D); 5 = neural fibres from dorsal ramus (E) of spinal 
nerve; F = dorsal nerve root and ganglion; G = ventral nerve root; H = gray ramus communicans; I = white ramus 
communicans; J = intervertebral disc. B. Enlargement of neural interconnections between the autonomic nervous system (gray 
ramus communicans) and the dorsal spinal neural network (dorsal ramus of spinal nerve) at or above L2. Possible bidirectional 
routes of sympathetic fibres from the gray ramus communicans (H) to the dorsal ramus of the spinal nerve include pathways 
via the ventral ramus of the spinal nerve (solid fine), via a direct branch of the gray ramus communicans (dashed line) by 
passing over the ventral ramus of the spinal nerve (B), or via a direct branch of the gray ramus communicans (dotted fine) by 
passing over the main irunk of the spinal nerve (A) (A and B adapted from Auteroche, R (1983) Innervation of the 
zygapophysial joints of the lumbar spine Anal. Clin , 5, 17-28; with permission.) 
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innervation that are not confined to strict segmental 
patterns. This innervation shows bilateral asymmetry 
with intra- and interindividual variation in the cranio- 
caudal extent of nerve supply. 

Nevertheless, injury to these neural and non-neural 
structures would, in part, be expected to result in 
relatively well localized somatic pain because of the 
direct afferent somatosensory inflow into the CNS via 
the somatic spinal nerves. In general, this seems to 
occur in a manner similar to that outlined above for 
the ventral spinal elements (Figure 17. 2A). Injury to 
somatic motor fibres contained in the dorsal ramus of 
the spina] nerve might yield muscular weakness and 
muscle reflex dysfunction. 

Additional theoretical innervations of 
spinal elements 

Local innervations at the level of the dorsal and 
ventral roots, spinal nerves, recurrent meningeal 
nerves, and other epidural structures, at the point of 
common expression of pathology (e g. disc hernia- 
tion), is an important consideration regarding the 
understanding of the manifestations of the lumbosac- 


ral syndromes. In addition to peripheral somatic 
afferent sensory and efferent motor nerves (Figures 
4A,B), and the local somatic spinal afferent nerves 
(Figure 17. 4C), there are nerve fibres innervating the 
nerves themselves, the nervi nervorum (Murphy, 
1977). 

These nervi nervorum are theoretically of three 
types. First, there are afferent sensory fibres to the 
nerve radicles in, traversing and around the spinal 
column (Figure 17. 4D). These are responsible for 
local sensation and even pain when the nerve itself is 
injured. Second, there are local/radicular sympathetic 
afferent fibres which enter the paraspinal sym- 
pathetic chain via the gray rami communicantes and 
return to the CNS via the white rami communicantes 
(Figure 17. 4E). These fibres relay afferent information 
from the spinal roots, nerves, and surrounding 
tissues, to the sympathetic nervous system. Third, 
there are local/radicular sympathetic efferent fibres 
which carry out sympathetic actions (e g. vasoactive 
functions) upon the spinal roots, nerves and sur- 
rounding tissues (Figure 17.4F).This general format is 
probably replicated in its essential points in the 
posterior spinal elements, the autonomic fibres being 
initially transmitted via the dorsal roots of the spinal 



Figure 17.4 Schematic of somatic and autonomic innervation of spinal column and related structures. A? Peripheral somatic 
afferent sensory neural fibres from distant ventral and dorsal tissues B. Peripheral somatic efferent motor neural fibres to 
ventral and dorsal tissues. C. Local somatic afferent sensory neural fibres from ventral (e.g. peripheral disk, epidural tisssues, 
dura, etc.) and dorsal tissues (e.g. facet joints, posterior spinal ligaments, etc.). D. Local/radicular afferent nervi nervorum. 
E. Local/radicular sympathetic afferent neural fibres from ventral spinal tissues (e.g. peripheral disk, epidural tissues, dura, 
etc ). E Local/radicular sympathetic afferent neural fibres to ventral spinal tissues. G. Local/sympathetic afferent neural fibres 
from dorsal spinal tissues (e.g. facet joints, posterior spinal ligaments, etc.). H. Local/sympathetic efferent neural fibres to 
dorsal spinal and paraspinal tissues). 1 = ventral nerve root; 2 = dorsal nerve root; 3 = dorsal root ganglion; 4 = combined 
spinal nerve; 5 = dorsal lamus of spinal nerve; 6 = ventral ramus of spinal nerve; 7 = white ramus communicans (not found or 
irregularly found caudal to L2); 8 = gray ramus communicans (multilevel irregular lumbosacral distribution); 9 = branch to 
recurrent meningeal nerve from spinal nerve; 10 = recurrent meningeal nerve (sinuvertebra) nerve of Luschka); 
11 = autonomic (sympathetic) branch to recurrent meningeal nerve from gray ramus communicans; 12 = anulus fibrosus; 
13 = nucleus pulposus; l4 = epidural vasculature; 15 = leptomeninges; 16 = intrathecal lumbosacral nerve root, I7 = filum 
terminale. (Reprinted with permission from Jinkins, J R. (1993) The pathoanatomic basis of somatic and autonomic syndromes 
originating in the lumbosacral spine. Neurol. Clin. North Am., 3, 444-46 0.) 
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nerves, and later accompanying the blood vessels 
supplying these tissues (Figures 17.4G.H) (Dass, 
1952; Bogduk, 1980; Auteroche, 1983). 

With this level of neuroanatomical complexity, it is 
not surprising that pathology affecting this particular 
region would be expected to potentially be some- 
what confusing in its clinical manifestations. All 
possible somatoautonomic expressions (e g. local 
pain, referred pain, autonomic dysfunction, etc.) 
could possibly emanate from this network of afferent 
and efferent fibres, that both traverse this area as well 
as originate and terminate here. This surely must be 
one of the more neurally labyrinthine regions in the 
entire peripheral nervous system. Why each patient 
might be expected to have a unique and compound- 
complex array of signs and symptoms can be easily 
appreciated if these intimately related anatomical 
ramifications are taken into account. 


Anatomy of centripetally/ 
centrifugaUy referred spinal 
syndromes 


As noted above, many afferent fibres from the spinal 
column project immediately to, and away from, the 
paraspinal sympathetic ganglia (Groen et al., 1990). 
Afferent polymodal pain fibres traversing the sym- 
pathetic ganglia have been identified in all of the 
anterior vertebral structures except the nucleus 
pulposus. The tissues innervated include the anterior 
longitudinal ligament, the most peripheral laminae of 
the anulus fibrosus, the periosteum of the vertebral 
body, and the vertebral body itself (Pedersen et al ., 
1956; Stilwell, 1956; Jackson et al. , 1966; Edgar and 
Ghadially, 1976; Paris, 1983). A major autonomic 
branch also extends posteriorly from either the 
sympathetic ganglion directly, or indirectly from gray 
ramus communicans to make up the bulk of the 
recurrent meningeal nerve (Figure 17. 4E) (Kaplan, 
1947; Wiberg, 1949; Pedersen et al. , 1956; Bogduk et 
al. , 1981; Jinkins et al , 1989). Thus, afferent sym- 
pathetic fibres supply the whole of the disc periph- 
ery, and indeed the entire vertebral column Oinkins et 
al., 1989). This extensive network, known as the 
paravertebral autonomic neural plexus, was initially 
detailed by Stilwell (1956) (Figure 17.1). 

Depending on the vertebral level, after traversing 
the sympathetic ganglia, many of these primary 
afferent fibres subsequently enter the ventral ramus 
of the somatic spinal nerve via the white ramus 
communicans. These axons then pass into the dorsal 
root ganglion, where the cell bodies lie (Figure 
17. 4E). Afterward, the dorsal nerve root carries the 
fibres until they penetrate the dorsolateral aspect of 
the spinal cord within the tract of Lissauer, adjacent 
to the dorsal-horn gray matter. 


The anatomical path, and embryological origin, of 
these neural elements within the autonomic nervous 
system contribute, in part, to the imperfect conscious 
perception and somatic localization of many pain 
stimuli. Conscious somatotopic localization of pain is 
normally accomplished largely by the point of spatial 
entry of afferent impulses/axons into the CNS. Some 
pain-related impulses entering afferent sympathetic 
fibres may result in appropriately localized sympto- 
matology 7 , while other axons will be involved with 
important autonomic reflex functions. Impulses 
within different (or perhaps the same) afferent fibres, 
however, will result in the conscious picture of 
remote pain (i.e. perceived in the pelvis, buttocks, 
lower extremities). Such referred pain is projected to 
the region corresponding generally to the somatic 
distribution of the afferent fibres of the spinal nerve 
with which the afferent sympathetic fibres entered 
the spinal canal en route to the CNS. 

A somatome is defined as a field of somatic and 
autonomic innervation that is based on the embryo- 
logical segmental origin of the somatic tissues Gnman 
and Saunders, 1944). The complete somatome is 
composed of three basic elements: the cutaneous 
structures (dermatome), the skeletal musculature 
(myotome), and the bones, joints, and ligaments 
(sclerotome). The term somatic’ indicates that these 
tissues originate embryonically from the precursor 
somites (Parke, 1982). Tissues originating from the 
same somite, therefore, will have a common neural 
circuitry and thus a common pathway of neural 
referral. Thus, distant pain referral is mentally pro- 
jected’ to these fields of innervation within the 
lumbosacral somatomes. The conscious somatic regis- 
tration (or perhaps illusion) of referred pain is 
perceived by the brain within what have come to be 
known as the lumbosacral zones of Head. Unfortu- 
nately, these regions of pain referral are found in the 
same peripheral physical distribution as is the radiat- 
ing pain seen in true neurogenic sciatica. Never- 
theless, these zones of Head (as compared to the 
cutaneous dermatomes) are irregular, constricted, 
bilaterally asymmetric, and partially superimposed 
upon one another. Moreover, they are somewhat 
inconsistent from person to person (Figure 17.5) 
(Mooney and Robertson, 1976). Proof that the 
referred pain’s origin is a process intimately involving 
an afferent limb of the peripheral nervous system, 
and that the illusory perception of distant referred 
pain is a mechanism of the CNS, is confirmed by the 
experimental finding that local anaesthesia of the 
actual region of impulse origin (spinal tissues), 
abolishes the pain referral, however, anaesthesia of 
the site of referral (the zone of Head) does not 
consistently ablate this referred pain (Groen et al., 
1988; Devor and Rappaport, 1990). 

The referred nature and poor definition of the pain 
are potentially further complicated by the distribu- 
tion patterns of the sympathetic afferent fibres of the 


Copyrighted Material 



The pathoanatomic basis of somatic, autonomic and neurogenic syndromes 261 




Figure 17.5 Right unilateral composite of lumbosacral 
Head zones of pain referral and proposed reflex autonomic 
dysfunction referral from segmental spinal levels. A: Anterior 
and B: posterior aspects. Note constricted, superimposed, 
and skipped regions. (Adapted front Jinkins, J.R , Whitte- 
more, A R. and Bradley, W.G. (1989) The anatomic basis of 
vertebrogenic pain and the autonomic syndrome associated 
with lumbar disk extrusion AJNR, 10, 219-231; AJR, 152, 
1277-1289; with permission.) 


spine, which overlap craniocaudally as well as across 
the midline. In other words, there is no true 
anatomical midline, or accurate segmental nature, of 
the lumbosacral paravertebral autonomic (sympa- 
thetic) nervous system. In addition, after afferent 
sympathetic fibres enter the paraspinal sympathetic 
ganglia, they cannot always exit directly into the 
nearby somatic ventral or dorsal rami of the spinal 
root. These fibres instead may have to ascend to a 
more craniad level before entering the spine In fact, 
afferent fibres can only join the spinal nerves, and 
subsequently the CNS, via the white rami commu- 
nicantes. An important anatomical pattern illustrates 
that there are no, few, or irregularly distributed, white 
rami communicantes below the L2 vertebral level, or 
above the S2 level (Gray, 1985). Any sympathetic 
afferent fibres from the lower lumbar, and upper 
sacral region (L2-S2 levels), therefore, must ascend 
within the sympathetic chain before they are able to 
enter the spine at a level that has a white ramus 
communicans (Figure 17. 2B). As a result of this 
ascending sympathetic afferent diversion , sympa- 
thetic pain impulses emanating from lumbosacral 
regions that do not have white rami communicantes 


(L2-S2 levels) will be referred to the somatome 
corresponding to the final spinal entry level of the 
afferent fibre. Thus, the conscious perception of 
sympathetically mediated pain may be misregistered 
in the CNS, and pain referral may thereby occur to a 
somatome different from that which its origin would 
have indicated. This may also possibly result in 
summing of pain sensation due to the superimposi- 
tion of afferent fibre input from several different 
levels (Groen et at., 1988). These observations might 
explain the partial segmental superimposition, and 
irregular contracted nature, of the zones of Head in 
the lumbosacral region, as depicted in Figure 17.5. It 
should be noted that the overlapping areas of most 
common centrifugal pain referral from all lumbar 
levels, in fact, fall largely within the cutaneous 
dermatomes of the upper lumbar spinal nerves. 

These unusual lumbosacral innervation patterns 
may also engender local referred pain to the spine 
itself and its surrounding tissues (Groen et at., 1990). 
Conscious pain referral originating in the spinal 
column, and spinal neural tissue, and subsequently 
projected to the lumbosacral zones of Head, is linked 
with spinal nerves that coincidentally have afferent 
somatic projection fields within spinal and paraspinal 
structures. In other words, an integral component of 
the somatomes (e.g. myotomes, sclerotomes) of 
spinal nerves includes the spinal elements them 
selves Thus, although the local referred pain is not 
perceived at the precise point of origin in the spine, 
it is still consciously imagined diffusely in the region 
of the low back. A combination of local referred, 
distant referred, and local somatic pain constitutes 
vertebrogenic pain, which, when combined with the 
sometimes concurrent radiating radicular neurogenic 
pain, seems partly to explain the parallel systems 
operating in the spinal column responsible for the 
complex and often superimposed syndromes of 
spinal pain(Dass, 1952; Groen et al., 1988; Jinkins et 
at., 1989). 

Further inspection of Figure 17.5 reveals areas of 
unsuperimposed pain referral extending far distally 
into the lower extremities. This pattern may be 
explained by the fact that there is direct sympathetic 
afferent inflow into the S2-S4 pelvic somatic nerve 
roots, and also by the observation that the innerva- 
tion of spinal structures may originate from as few as 
three, and as many as five, different adjacent spinal 
levels [9]. Hence, direct sacral inflow, and therefore 
direct pain referral, may occur over wide areas of the 
lower lumbosacral spine (Wyke, 1949; Ruch, 1982). 
There are gaps in somatic coverage within the zones 
of Head, perhaps because somatic tissues are not as 
densely populated with autonomic fibres as they are 
with afferent and efferent ramifications of native 
somatic nerves. Therefore, the autonomic projection 
fields may be somewhat functionally contracted. 
These general anatomical concepts help to clarify 
some of the mechanisms within the peripheral 
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nervous system responsible for tine rather nebulous 
fields characteristic of the zones of Head. As the 
foregoing seems to indicate, the entire network 
resulting in the perception of referred pain could be 
mediated within the autonomic (sympathetic) soma- 
totopic organization of the CNS, running in parallel 
with somatic afferent systems. The peripheral neuro- 
logical system follows two patterns during embryo- 
logical development. The somatic nervous system has 
one distribution, which ramifies solely within the 
somatic tissues. However, the autonomic nervous 
system develops along two different pathways: 1) 
within visceral tissues, sometimes referred to as the 
visceral autonomic nervous system, and 2) within the 
somatic tissues in a distribution similar to that of the 
peripheral somatic nerves. There must also be parallel 


sympathetic afferent links to the CNS in order to 
complete somatic tissue autonomic reflex arcs 
(Figure 17.6A). The presence of these peripheral 
autonomic afferent fibres within somatic tissues has 
been demonstrated clinically (Ruch, 1982). Because 
both visceral and somatic tissues are innervated by 
the sympathetic nervous system, and assuming that 
both tissues are served by afferent limbs, the CNS 
may then perceive an impulse origin within either 
tissue, on the basis of a central embryologically 
predetermined linkage. In actuality, however, the 
CNS may not be able accurately to discriminate 
spatially between the visceral and the somatic origin 
of a stimulus in certain circumstances. Thus, a visceral 
sympathetic afferent stimulus may erroneously be 
consciously perceived as arising within the somatic 



Figure 17.6 Schematic of proposed configuration of peripheral nervous system and its central terminations. A. 
Efferent pathways (solid arrows), afferent pathways (broken arrows), visceral tissue sympathetic afferent fibres 
(square), somatic tissue somatic afferent fibres (circle), and hypothesized somatic tissue sympathetic afferent fibres 
(diamond). VSNS = visceral sympathetic nervous system; SNS = somatic nervous system; SSNS = somatic sym- 
pathetic nervous system. Note: see use of same symbols and meanings in B. (Adapted from Jinkins, 
Whittemore, A.R. and Bradley, WG. (1989) The anatomic basis of vertebrogenic pain and the autonomic syndrome 
associated with lumbar disk extrusion. AJNR, 10. 219-231; AJR, 152, 1277-1289; with permission.) B. Points of 
termination of visceral and somatic afferent fibres on cord neurons within dorsal and ventral gray matter of right 
spinal hemicord. I-V = laminae of dorsal horn; termination of somatic (somatic tissue somatic) afferent fibres on 
somatic cord neurons (circles); terminations of visceral (visceral tissue sympathetic) afferent fibres on visceral cord 
neurons (squares); terminations of somatic (proposed somatic tissue sympathetic) afferent fibres on visceroso- 
matic cord neurons (diamonds). Note overlapping regions covered by squares and diamonds resulting in a central 
nervous system convergence of afferent fibres from divergent origins. (Adapted from JinkjnsJ R.. Whittemore, A. R. 
and Bradley, W.G. (1989) The anatomic basis of vertebrogenic pain and the autonomic syndrome associated with 
lumbar disk extrusion. AJNR, 10, 219-231; AJR, 152, 1277-1289; with permission ) 
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sector of the sympathetic afferent sensory projection 
field and, by definition, is thus referred to this 
location. The converse of this phenomenon might 
also be true, although perhaps more rarely per- 
ceived 

This explanation concisely fits the observation of 
referral of visceral sympathetic stimuli (e.g. cardiac 
pain) to the somatic sympathetic afferent projection 
field (e.g. left shoulder), thereby defining the zones of 
Head predominantly, or as a phenomenon of a 
developmentally dichotomous sympathetic nervous 
system ramifying within visceral and somatic tissues. 
Understood in this way, referred actions and con- 
scious perceptions are an expected capacity of the 
autonomic (sympathetic) nervous system. Thus, the 
ascending afferent lumbar sympathetic diversion 
accounts for extrasegmental CNS misregistration and 
patterns of mismapped superimposition of pain 
within the lumbosacral zones of Head, but the actual 
primary referral seems to result from the mediation of 
the painful stimulus within the autonomic nervous 
system (Bogduk, 1983). 

However, only so much can be understood within 
the framework of the peripheral nervous system and, 
thereafter, CNS mechanisms of pain referral must be 
considered. Anatomical data suggest that somatic and 
visceral autonomic afferents may have the same, or 
some of the same, central connections at the level of 
the spinal cord, thalamus, and sensory cortex (Willis 
and Grossman, 1973a, b; Ruch, 1982; Cervero, 1985; 
Wyke, 1987). The convergence theory for the occur- 
rence of referred pain states that, because some of 
the same central pathways are shared by the converg- 
ing visceral and somatic afferent systems, the CNS 
cannot precisely distinguish between the two origins 
of sensory input. An ancillary hypothesis indicates 
that, since the somatomes are normally continually 
relaying consciously noxious stimuli, as opposed to 
the viscera, through a process of pattern recognition, 
the CNS attributes most of the segmental afferent 
inflow to somatic origins regardless of the true site of 
the stimulus (Wills and Grossman, 1973a; Ruch, 
1982). There is little doubt, however, that some 
degree of modulation of afferent input from any 
peripheral source occurs at the level of the spinal 
cord and above (Hannington-Kiff, 1978; Wyke, 
1987). 

Thus the mechanisms for somatotopic referral 
seem to lie at the level of the spinal cord and above. 
There seems to be a definite somatotopic organiza- 
tion of the spinal cord with regard to entering 
afferent fibres. The level of cord entry of afferent 
fibres is important, but of greater importance is the 
point of termination of the fibre spatially within the 
cord gray matter at any particular level. Somatic 
afferent fibres largely terminate 
neurons) within laminae II, III, and IV of the dorsal 
horn gray matter, while visceral afferent fibres termi- 
nate on neurons (‘visceral neurons) in laminae I and 


V and within the ventral horn gray substance (Figure 
17. 6B). However, there is a third population of cells 
on which some afferents terminate known as 'viscer- 
osomatic' neurons. The rationale for their terminol- 
ogy is that these latter neurons are driven by stimuli 
from both the somatic as well as the visceral tissues 
(Cervero, 1985). Some somatic afferents labelled 
indeterminate’ terminate on these viscerosomatic 
neurons, which may indicate that these neural 
structures are in reality the postulated somatic tissue 
sympathetic afferent fibres (Cervero, 1985). 

A complementary theory for referred pain con- 
siders the possibility of bifurcating peripheral sym- 
pathetic afferent fibres, with one limb entering the 
visceral tissues while the other ramifies within the 
somatic tissues (Figure 17.7) (Bahr etal., 1981;Pierau 
et al., 1984; Cervero, 1985; Dalsgaard and Ygge, 
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Figure 17.7 Schematic of proposed general organization of 
peripheral afferent sympathetic nervous system. 1 = dual 
afferent axon configuration; 2 = bifurcating (arrowhead) 
afferent axon pattern. Visceral sympathetic afferent fibres 
(solid axons); somatic sympathetic afferent fibres (dotted 
axons). VSNS = viscera] sympathetic nervous system; 
SSNS = somatic sympathetic nervous system. (Adapted from 
Jinkins, J.R., Whittemorc, A.R. and Bradley, W.G. (1989) The 
anatomic basis of vertebrogenic pain and the autonomic 
syndrome associated with lumbar disk extrusion. AJNR, 10, 
219-231; AJR, 152, 1277-1289; with permission.) 
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1985). Nevertheless, the important concept is still 
that of convergence of multiple afferent axons on the 
same viscerosomatotopic registration region (or neu- 
ron) of the CNS, either primarily or via connecting 
interneurons. This may cause a false mental image of 
the localization of a sensory event. In context, 
therefore, referred pain to the peripheral tissues (e g. 
zones of Head) from a stimulus source such as the 
spine, does not have its stimulus origin in the area of 
conscious perception in those peripheral tissues. This 
definition of central pain perception indicates that 
referred pain fields are thus ‘illusory’ or imagined' by 
the higher cognitive centres of the CNS because of 
afferent CNS convergence. 

Autonomic nervous system function, however, is 
not confined to the conscious perception of painful 
stimuli. This network also has a major role in the 
mediation of unconscious normal autonomic func- 
tion via autonomic reflex arcs occurring at the level 
of the spinal cord, which in turn are influenced by 
higher CNS levels (Willis and Grossman, 1973a; 
Jenkins, 1978; Cervero, 1985; Janig, 1985; Wyke, 
1987). Just as the conscious perception of pain may 
be spatially misregistered, so too may various auto- 
nomic functions. Current understanding suggests that 
somatic, as well as autonomic fibres, both excite, or 
otherwise share, the same interneurons within the 
spinal cord (Wills and Grossman, 1973a). Aberrant 
autonomic reflex arcs resulting in referred autonomic 
dysfunction of spinal column origin might be repre- 
sented in the form of aberrant centrifugal vasomotor, 
pilomotor, and sudomotor activity (Ruch, 1982). In 
addition to these positive sympathetic effects, reverse 
or paradoxic effects might be observed, presumably 
due to pre- and/or postsynaptic efferent inhibition by 
polysynaptic, polyaxonal afferent spinal cord input 
(Wyke, 1987; Willis and Grossman, 1973a). 

However, these findings are seemingly minor, and 
are overshadowed by the manifestations of pain. 
Such autonomic dysfunction is often apparently 
disregarded. These phenomena may be more com- 
mon than realized, and could be elicited with 
greater frequency if subjects were carefully scruti- 
nized for such manifestations at the time of clinical 
examination. 

Somatic muscle spasm is also associated with 
autonomic function/dysfunction (Feinstein et al . , 
1954; Hockaday and Whitty, 1967; Ruch, 1982; 
Cervero, 1985; Wyke, 1987). Skeletal muscle spasm, 
which may become a painful process in and of itself, 
is theoretically accomplished by an aberrant reflex 
arc, similar to the autonomic reflex dysfunction 
discussed earlier. Thus, referred reflex somatic mus- 
cle spasm in the lumbosacral myotome, known as a 
viscerosomatic reflex, may account for clinically 
significant symptomatology Ganig, 1985). The spasm 
itself could be produced by an arrest of the usual 
negative feedback mechanisms that ordinarily affect 
muscular contraction, because the stimulus does not 


originate within the area of the effect, the lumbosac- 
ral zone of Head, but instead from a distant referral 
source, the spine. Unopposed positive feedback 
mechanisms may be alternately responsible for the 
muscle spasm for similar reasons (Willis and Gross- 
man, 1973a). 

In all such autonomic reflex dysfunction, the 
afferent neural limb eventually enters the paraspina) 
sympathetic plexus. As previously discussed, largely 
because of the ascending sympathetic afferent inflow 
diversion (qften entering at or above the L2 segmen- 
tal level), and because of the peculiarities of the 
autonomic (sympathetic) nervous system (both in its 
central and peripheral ramifications), there may be a 
spatial mismapping of otherwise normal autonomic 
function, causing the efferent effector limb of the arc 
to occur in the peripheral somatome (Figure 17.8). 
This autonomic dysfunction, an aberrant somato- 
sympathetic (or sympathosomatic) reflex, might 
include any one, or combination, of dermal blushing, 
pallor, pilo-erection, diaphoresis, or somatic muscle 


Cord 



Figure 17.8 Aberrant autonomic reflex arc Afferent limb is 
carried within ascending paraspinal sympathetic chain 
(open circles). After synapse in spinal cord, efferent limb is 
carried within peripheral ramifications (e g. spine, pelvis, 
extremities) of somatic and/or sympathetic components of 
somatic spinal nerves (long multiheaded curved arrow). 
(Adapted from Jinkins, J.R., Whittemore, A.R. and Bradley, 
W.G (1989) The anatomic basis of vertebrogenic pain and 
the autonomic syndrome associated with lumbar disk 
extrusion. AJNR, 10, 219-231; AJR, 152, 1277-1289: with 
permission.) 
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spasm, reflecting genuine peripheral signs and symp- 
toms within the lumbosacral zones of Head (Ruch, 
1982 ). 

An additional possible referred phenomenon is the 
conscious perception of paraesthesias of the somatic 
tissues within the zones of Head (Ruch, 1982, 
Feinstein et al., 1954). The mechanism for this is 
presumably located at the level of the cord, and/or 
above, which unpredictably facilitates (hyperaes- 
thesia) or blocks (hypoaesthesia) somatic afferent 
activity' within the somatome in response to elevated 
paraspinal sympathetic afferent inflow (Seltzer and 
Devor, 1979). 

Finally, signs and symptoms of a general sym- 
pathetic outflow may occasionally play a role in the 
overall clinical complex during certain phases of 
spinal disease. For example, a general sympathetic 
outflow is occasionally seen clinically and experimen- 
tally in conjunction with acute traumatic stimulation 
of vertebral elements; it results in varied visceroso- 
matic reactions, including a change in blood pressure, 
heart rate, and respiratory rate, as well as elevations 
in alertness accompanied by nausea, all of which are 
not proportional to the severity and extent of the 
induced pain (Feinstein et at, 1954; Pedersen et at, 
1956; Cervero, 1985). 


Anatomy of centripetally/ 
centrifugally radiating spinal 
syndromes 


On a yet more elemental level, if, because of some 
pathological influence (Ochoa, 1980; Dahlin et al . , 
1986; Lundborg and Dahlin, 1989; Jayson, 1992), the 
geometry of the cell membrane of the axon, and its 
sodium channels, changes so that the channel density 
increases, the ionic equilibrium across the membrane 
may be disrupted (Devor and Rappaport, 1990). The 
flow of normal ionic currents, and the maintenance 
of the normal axon membrane potential, are depend- 
ent upon this functional sodium channel density/ 
membrane area relationship (Figure 17.9). Theoret- 
ically, if the functional sodium channel density per 
square area escalates, the influx of sodium ions into 
the cell cannot be offset, as it normally is by the 
sodium pump mechanism (Devor and Rappaport, 
1990) The passive influx (by the sodium channels) 
out paces the active efflux (by the sodium pump), 
and the cell membrane, in effect, autodepolarizes 
producing an ectopic bidirectional action potential 
radiating away from the site of origin of the initial 
membrane depolarization (Figure 17.10). The CNS 
interprets this potential (incoming within appro- 
priate afferent fibres) as pain and paraesthesias, a sign 
for involuntary muscular activity, or as a signal for 
autonomic action. In this manner, axons in and of 
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Figure 17-9 Schematic illustrating hypothetical mechanism 
of sodium channel function in axon membrane. (Adapted 
from Dudel, J. (1985) Excitation of nerve and muscle. In 
Fundamentals of Neurophysiology (R.F. Schmidt, ed.) 
Springer-Verlag, New York, pp 19-68, with permission.) A. 
When sodium channel is closed, the passive influx of 
sodium ions does not occur, and no neuroelectrical activity 
along or across the axon membrane takes place. B. When 
sodium channel is open, as in normal longitudinal neu- 
roelectrical axon conduction, the passive influx of sodium 
ions is facilitated resulting in depolarization across the axon 
membrane (NA + = sodium ions). 


themselves may become ectopic sources of patho- 
logical neuroelectrical activity, resulting in abnormal 
clinical expression and conscious perception. This is 
the pathophysiological basis for the so-called radiat- 
ing radiculopathy. 

Because of the presence of this ectopic axonal 
pacemaker, the transmission of normal incoming or 
outgoing neuroelectrical impulses occurring in, and 
adjacent to, fibres with pathologically altered axon 
membranes, may also result in pain, paraesthesias 
and dysfunction that similarly originate at the level 
of the ectopic source of activity. This aberrant 
neuroelectrical coupling is believed to take place 
because of abnormal interaxonal 'cross-talk’ based 
on chemical, neurochemical and/or ephaptic (neu- 
roelectrical) factors (Gardner, 1966; Rasminsky, 
1978a; Devor and Rappaport, 1990). Theoretically, 
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Figure 17.10 Schematic illustrating hypothetical mechanism of 
normal function and dysfunction in axon membrane resulting in 
axonal autodepolarization and ectopic axon impulse generation (i.e. 
radiating radiculopathy) (A) and (B). (Adapted from Dudel, J. (1985) 
Excitation of nerve and muscle In Fundamentals of N europhyslol- 
ogy (R.F. Schmidt, ed.), Springer-Verlag, New York, pp 19-68, with 
permission.) A. Normal relationship between passive sodium chan- 
nels in the axon membrane, and the active energy requiring sodium- 
potassium pump that maintains the neuroelectrical potential across 
the axon membrane during inactivity, and restores this potential after 
normal impulse transmission. (NA + = sodium ions, K + = potassium 
ions, arrows in conduits = flux in ion channels). B. Unbalanced 
relationship between the sodium channels and the potassium pump. 
In this circumstance, the functional sodium channel spatial density in 
the axon membrane has increased without a consonant increase in 
the potential of the sodium -potassium pump to balance this 
phenomenon. This abnormal relationship theoretically overwhelms 
the sodium -potassium pump’s ability' to maintain the neuroelectrical 
potential across the axon membrane, resulting in autodepolarization. 
C. The sodium -potassium pump itself may also be dysfunctional 
(bar). Such a functional defect in the axon membrane constitutes an 
ectopic source (star) of neuroelectrical activity (i.e. within the axon 
membrane). Because the resulting aberrant action impulse is 
transmitted in both directions along the axon, this phenomenon is 
theoretically, partly responsible for pathological efferent peripheral 
nervous system involuntary expression (e.g. muscle spasm, auto- 
nomic dysfunction) and central nervous system conscious percep- 
tion (e.g pain, paraesthesias). 
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Figure 17.11 Spontaneous ectopic neuroelectrical activity 
resulting in central (C) and peripheral (P) aberrant impulse 
propagation in injured (wavy contoured channels) axons. 
These phenomena could, hypothetically, occur in spinal 
dorsal roots, ventral roots, or combined spinal nerves. A 
Spontaneous ectopic neuroelectrical impulse (asterisk) orig- 
inating in injured afferent axon (open channel: somatic or 
autonomic). The aberrant impulse (solid arrows) propagates 
away from the site of spontaneous depolarization B. 
Spontaneous ectopic neuroelectrical impulse (asterisk) orig- 
inating in injured efferent axon (shaded channel: somatic or 
autonomic). The aberrant impulse (open arrows) propagates 
away from the site of spontaneous depolarization. 



Figure 17.12 Spontaneous ectopic neuroelectrical activity resulting in ephaptic axo-axonal transmission -stimulation 
between adjacent injured axons (wavy contoured channels). These phenomena could hypothetically occur in spinal dorsal 
roots, ventral roots, or in combined spinal nerves. A. Spontaneous depolarization (single asterisk) originating in injured 
afferent axon (upper open channel: somatic or autonomic) results in neuroelectrical impulse (upper solid arrows) that 
propagates away from site of ectopic origin. At the same time, ephaptic transmission (open serpentine arrow) axo-axonally 
results in stimulation (double asterisk) of adjacent afferent axon (lower open channel: somatic or autonomic) acting as an 
ectopic receptor and effecting central (C) and peripheral (P) aberrant afferent axon impulse propagation (lower solid arrows). 
B Spontaneous depolarization (single asterisk) originating in injured afferent axon (open channel: somatic or autonomic) 
results in neuroelectrical impulse (open straight arrows) that propagates away from the site of ectopic origin. At the same 
time, ephaptic transmission (open serpentine arrow) of electrical impulses axo-axonally results in stimulation (double 
asterisk) of adjacent efferent axon (shaded channel: somatic or autonomic) acting as an ectopic receptor and effecting central 
(C) and peripheral (P) aberrant efferent axon impulse propagation (open straight arrows). C. Spontaneous depolarization 
(single asterisk) originating in injured efferent axon (upper shaded channel: somatic or autonomic) results in neuroelectrical 
impulse (upper open straight arrows) that propagates away from the site of ectopic origin. At the same time, ephaptic 
transmission (open serpentine arrow) axo-axonally results in stimulation (double asterisk) of adjacent efferent axon (lower 
shaded channel: somatic or autonomic) acting as ectopic receptor and effecting central (C) and peripheral (P) aberrant 
afferent axon impulse propagation (lower open straight arrows). D. Spontaneous depolarization (single asterisk) originating 
in injured efferent axon (upper shaded channel: somatic or autonomic) results in neuroelectrical impulse (open straight 
arrows) that propagates away from the site of ectopic origin. At the same time, ephaptic transmission (open serpentine arrow) 
axo-axonally results in stimulation (double asterisk) of adjacent injured afferent axon (open channel: somatic or autonomic) 
acting as ectopic receptor and effecting central (C) and peripheral (P) aberrant afferent axon impulse propagation (solid 
straight arrows). 
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this cross-talk is responsible for abnormal links 
within the somatic and between the somatic and 
autonomic nervous systems. In this way, the result- 
ant distant propagation may occur within axons that 
are anatomically unrelated to the origin of the 
neuroelectrical transmission. 

Experiments support the concept that focal neural 
injury can act as both an ectopic stimulus as well as 
an ectopic receptor/transmitter (Lehmann and Ule, 
1964; Gardner, 1966; Wallis et al., 1970; Wall et al, 
1974; Howe et al., 1976; Ramon et al., 1976; 
Wettstein, 1977; Bostock and Sears, 1978; Rasminsky, 
1978a, b; Seltzer and Devor, 1979; Calvin et al., 1982; 
Rasminsky, 1989; Devor and Rappaport, 1990). First, 


a chronically, repetitively injured afferent or efferent 
axon may act as a primary ectopic pacemaker, 
spontaneously discharging and initiating bidirectional 
axonal impulse transmission (Figure 17.11). Second, 
injured afferent or efferent axons acting as ectopic 
pacemakers may ephaptically (neuroelectrically) 
transmit neuroelectrical impulses to ectopic axonal 
receptors in adjacent injured afferent and/or efferent 
axons (Figure 17.12). This ephaptic transmission 
represents the type of interneural neuroelectrical 
‘cross-talk’ referred to above (Gardner, 1966; Ramon 
et al., 1976; Rasminsky, 1978a; Seltzer and Devor, 
1979; Devor and Rappaport, 1990). Third, because of 
chronic injury, afferent or efferent axons acting as 



Figure 17.13 Aberrant neuroelectrical activity driven by incoming or outgoing axon impulses and resulting in ephaptic axo- 
axonal transmission-stimulation between adjacent injured axons (wavy contoured channels). These phenomena could 
hypothetically occur in spinal dorsal roots, ventral roots, or in combined spinal nerves. A. Incoming neuroelectrical impulse 
(upper open straight arrows) within afferent axon (upper open channel: somatic or autonomic) results in depolarization 
(single asterisk) at the site of axon injury. At the same time, ephaptic transmission (open serpentine arrow) axo-axonally 
results in stimulation (double asterisk) of adjacent injured afferent axon (lower open channel: somatic or autonomic) acting 
as ectopic receptor and effecting central (C) and peripheral (P) aberrant afferent axon impulse propagation (lower open 
straight arrows). B. Incoming neuroelectrical impulse (upper solid straight arrows) within afferent axon (upper open channel: 
somatic or autonomic) results in depolarization (single asterisk) at the site of axon injury. At the same time, ephaptic 
transmission (open serpentine arrow) of electrical impulse axo-axonally results in stimulation (double asterisk) of adjacent 
injured efferent axon (lower shaded channel: somatic or autonomic) acting as ectopic receptor and effecting central (C) and 
peripheral (P) aberrant afferent axon impulse propagation (lower open straight arrows). C. Outgoing neuroelectrical impulse 
(upper open straight arrows) within efferent axon (upper shaded channel: somatic or autonomic) results in depolarization 
(single asterisk) at the site of axon injury. At the same time, ephaptic transmission (open serpentine arrow) of electrical 
impulse axo-aonally causes stimulation (double asterisk) of adjacent injured efferent axon (lower shaded channel: somatic or 
autonomic) acting as ectopic receptor and effecting central (C) and peripheral (P) aberrant efferent axon impulse propagation 
(lower open straight arrows). D. Outgoing neuroelectrical impulse (upper straight arrows) within efferent axon (upper shaded 
channel: somatic or autonomic) results in depolarization (single asterisk) at the site of axon injury. At the same time, ephaptic 
transmission (open serpentine arrow) axo-axonally causes stimulation (double asterisk) of adjacent injured efferent axon 
(lower shaded channel: somatic or autonomic) acting as ectopic receptor and effecting central (C) and peripheral (P) aberrant 
efferent axon impulse propagation (lower solid straight arrows). 
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primary ectopic receptors may be driven by incom- 
ing peripheral afferent or outgoing central efferent 
somatic or autonomic impulses; they may then 
secondarily ephaptically transmit neuroelectrical 
impulses to ectopic receptors in adjacent injured 
afferent and/or efferent axons (Figure 17.13). Efferent 
autonomic fibres thus driving afferent pain fibres 
constitutes a relatively new theory of referred pain 
and dysfunction (Devor and Rappaport, 1990). 
Fourth, because neural injury may result in part in 
increased receptor sensitivity, afferent or efferent 


axons acting as ectopic pacemakers may ephaptically 
drive injured afferent fibre terminations on nerves, 
the afferent nervi nervorum (Figure 17.14) (Devor 
and Rappaport, 1990). Fifth, afferent or efferent 
axons acting as ectopic transmitters may be driven by 
incoming peripheral afferent, or outgoing central 
efferent, impulses and may secondarily transmit 
neuroelectrical impulses ephaptically to afferent 
somatic and autonomic fibre terminations on nerves, 
the afferent nervi nervorum (Figure 17.15). Sixth, 
autonomic efferent fibre terminations on nerves, the 




Figure 17.14 Spontaneous ectopic neuroelectrical activity resulting in ephaptic transmission between injured axons (wavy 
contoured channels) and afferent nervi nervorum (open bifid channels). These phenomena could hypothetically occur in 
spinal dorsal roots, ventral roots, or in combined spinal nerves A. Spontaneous depolarization (single asterisk) originating in 
injured afferent axon (lower open channel: somatic or autonomic) results in neuroelectrical impulse (solid straight arrows) 
that propagates centrally (C) and peripherally (P) away from the site of ectopic origin. At the same time, ephaptic transmission 
(open serpentine arrow) axo-axonally causes stimulation of normal or injured (sensitized) receptor (open bifid channel: 
somatic or autonomic) of afferent nervi nervorum, effecting central (C) aberrant afferent axon impulse propagation (stippled 
arrow). B. Spontaneous depolarization (single asterisk) originating in injured efferent axon (lower shaded channel: somatic or 
autonomic) results in neuroelectrical impulse (open straight arrows) that propagates centrally (C) and peripherally (P) away 
from the site of ectopic origin. At the same time, ephaptic transmission (open serpentine arrow) axo-axonally causes 
stimulation of normal or injured (sensitized) receptor (open bifid channel: somatic or autonomic) of afferent nervi nervorum 
effecting central (C) aberrant afferent axon impulse propagation (stippled arrows). 



Figure 17. 15 Ectopic neurogenic activity driven by incoming or outgoing somatic or autonomic axon impulses and resulting 
in ephaptic axo-axonal transmission -stimulation between injured axon (wavy contoured channels) and afferent somatic or 
autonomic nervi nervorum (open bifid channels) These phenomena could, hypothetically, occur in spinal dorsal roots, 
ventral roots, or in combined spinal nerves. A Incoming neuroelectrical impulse (solid straight arrows) within afferent axon 
(open channel: somatic or autonomic) results in depolarization (asterisk) at the site of axon injury. At the same time, ephaptic 
transmission (open serpentine arrow) axo-axonally causes stimulation of normal or injured receptor (open bifid channel: 
somatic or autonomic) of afferent nervi nervorum and effects central (O aberrant afferent axon impulse propagation 
(stippled arrow). B. Outgoing neuroelectricai impulse (open straight arrows) within efferent axon (open channel: somatic or 
autonomic) results in depolarization (asterisk) at the site of injured axon. At the same time, ephaptic transmission (open 
serpentine arrow) axo-axonally causes stimulation of normal or injured receptor (open bifid channel: somatic or autonomic) 
of afferent nervi nervorum and effects central (O aberrant afferent axon impulse propagation (stippled arrow). 
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Figure 17.16 Aberrant neuroelectrical activity driven by outgoing autonomic efferent impulse resulting in ephaptic 
stimulation and transmission, respectively, between autonomic efferent nervi nervorum (shaded bifid channels), an injured 
adjacent axon (wavy contoured channels), and the afferent somatic or autonomic nervi nervorum (open bifid channels). 
These phenomena could hypothetically occur in spinal dorsal roots [A)j, ventral roots, or in combined spinal nerves. A 
Incoming neuroelectrical impulse (hatched arrow) within efferent autonomic axon (shaded bifid channel) of the nervi 
nervorum results in ephaptic stimulation (lower open serpentine arrow) axo-axonally and depolarization (asterisk) at the site 
of injured afferent axon (wavy contour, open channel: somatic or autonomic) acting as ectopic receptor and effecting central 
(C) and peripheral (P) aberrant afferent axon impulse propagation (solid straight arrows). At the same time, ephaptic 
transmission (upper open serpentine arrow) axo-axonally causes stimulation of normal or injured (sensitized) receptor (open 
bifid channel: somatic or autonomic) of afferent nervi nervorum and effects central (C) aberrant afferent axon impulse 
propagation (stippled arrow). B. Incoming neuroelectrical impulse (hatched arrow) within normal or injured efferent 
autonomic axon (shaded bifid channel) of the nervi nervorum results in ephaptic stimulation (lower open serpentine arrow) 
axo-axonally and depolarization (asterisk) at the site of injured efferent axon (wavy contour, shaded channel: somatic or 
autonomic) acting as ectopic receptor and effecting central (C) and peripheral (P) aberrant efferent axon impulse propagation 
(open straight arrows) At the same time, ephaptic transmission (upper open serpentine arrow) axo-axonally causes 
stimulation of normal or injured (sensitized) receptor (open bifid channel: somatic or autonomic) of afferent nervi nervorum 
and effects central (5:) aberrant afferent axon impulse propagation (stippled arrow). 


efferent nervi nervorum, may drive afferent or 
efferent axons acting as ectopic receptors, and at the 
same time transmit ephaptically to the afferent nervi 
nervorum (Figure 17.16). This is yet another possible 
mode of referred pain, muscular dysfunction, and 
aberrant autonomic activity. It is by these mecha- 
nisms that pathological peripherally driven, centrally 
driven, spontaneously generated, chemically stimu- 
lated and ephaptically transmitted neuroelectrical 
activity can hypothetically occur at and near, the site 
of neural injury. This thereby causes ectopic single 
fibre neuroelectrical phenomena and/or multifibre 
somatic-somatic, somatic-autonomic, autonomic- 
somatic or autonomic-autonomic aberrant neuroelec- 
trical coupling (Devor and Rappaport, 1990). The 
expression of this abnormal neurogenic activity may 
potentially result in bizarre combinations of sub- 
jective symptoms (e g. pain, paraesthesias) and objec- 
tive signs (eg. skeletal muscle spasm, sympathetic 
dysfunction). Thus, otherwise normal peripheral sen- 
sation, central voluntary muscle initiation, and 
somatic movements resulting in minor mechanical 
neural stimulation, might cause neuropathic phenom- 
ena: significant pain and paraesthesias, muscular 
dysfunction and autonomic derangement emanating 
from chronically injured spinal nerves/roots. 

These manifestations are types of neurogenic 
pathological pain in that they are pain impulses that 


are generated within axons which are hypermecha- 
nosensitive and perhaps chemosensitive, they are 
pain impulses that are ectopic in origin (the impulses 
are not initiated within a true pain receptor: other 
than the afferent, somatic nervi nervorum'), and they 
are pain impulses that are far larger in proportion and 
duration than would be anticipated to originate from 
the mechanical perturbation of a normal, uninflamed 
or uninjured axon or neural termination (Smyth and 
Wright, 1958; Willis and Grossman, 1973a; Ochoa, 
1980). Finally, because of acute and chronic mechan- 
ical compression, potentially the dorsal root ganglia 
have been shown to have a potentially significant role 
in the genesis of centripetally/centrifugally radiating 
lumbosacral pain syndromes (Howe el al. , 1977; Wall 
and Devor, 1983) 


Conclusion 


In common practice, a far-reaching, perplexing, 
combined somatic-autonomic neurogenic syndrome 
stems from spinal disease that includes varying 
degrees of 1) local somatic pain, 2) centripetally/ 
centrifugally referred pain, 3) centripetally/centrifu- 
gally radiating pain, 4) local and referred sympathetic 
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reflex dysfunction (diaphoresis, piloerection, vaso- 
motor changes, somatic muscle spasm), 5) somatic 
reflex dysfunction, 6) somatic muscle weakness, 7) 
peripheral somatic dysesthesias, and 8) generalized 
alterations in viscerosomatic tone (blood pressure, 
heart rate, respiratory rate, alertness). 

Normal and pathological signs and symptoms 
originating from spinal pathology may be observed in 
an individual subject singly or in superimposed 
combinations. This range of manifestations may mis- 
lead both the patient and the physician as to the 
origin and the cause of the clinical problem. Such 
layering’ of pain and disability chiefly occurs 
because of related patterns and distributions of 
sometimes intimately related peripheral nerve fibres, 
as well as their complex central connections. These 
networks consequently result in concurrent focal and 
diffuse, local and remote conscious perceptions and 
unconscious effects emanating from spinal disease 
(Jinkins et al. , 1989). An understanding of these 
anatomical and pathophysiological concepts should 
enable a clarification of the relationship between the 
clinical presentation of the patient and the roles, as 
well as the limitations, of medical imaging in the 
evaluation of the spine. 
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Imaging of mechanical and degenerative 
syndromes of the lumbar spine 

Lindsay J. Rowe 


Introduction 


Table 18.1 Spinal imaging modalities 


Imaging of the lumbar spine has undergone sig- 
nificant technological change in the last century since 
Roentgen’s initial discovery Ln 1895 of the ‘unknown 
ray' - the X-ray. A multitude of imaging modalities are 
available, each with its own advantages, limitations 
and applications (Table 18.1). To all clinicians 
involved in the diagnosis and management of lumbar 
spine disorders, the major difficulties with imaging 
arise from knowing which test to order for what 
clinical condition, understanding its limitations, and 
interpreting the findings in a clinical context (Modic 
and Herzog, 1994). This can be a bewildering and 
frustrating aspect of clinical spinal practice. It is the 
purpose of this chapter to clarify these issues and 
provide an imaging synthesis for degenerative dis- 
orders of the lumbar spine 


Imaging modalities 


Conventional radiography 

Since X-rays first came available in 1895, plain film 
radiography has been the mainstay of diagnostic 
investigation of skeletal and spinal disorders. With the 
advent of other, more sensitive, modalities the 
utilization of plain film lumbar spine imaging has 
come under increasing scrutiny. 


Conventional radiography 
static; erect, recumbent 
dynamic; sagittal, coronal, longitudinal 
Myelography 
Discography 
Facet arthrography 
Computed tomography (CT) 
plain 

bone window 
soft tissue window 
reconstruction 
contrast (IV) 
myelography (CTM) 
discography (CTD) 

Magnetic resonance imaging (MRI) 

T1 

T2 

proton density 
fat suppression 
others 

gadolinium enhancement 
Nuclear medicine 
planar 
flow 
pool 
delayed 
SPECT 

Videofluoroscopy 

Ultrasound 

Angiography 
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Indications 

Consensus on clinical indicators to obtain lumbar 
spine radiographs has evolved (Deyo and Diel, 1986; 
Schultz et at., 1992). These are factors which have 
medical implications such as tumours and fractures. A 
hierarchy of clinical indicators can be derived from a 
synthesis of the literature (Table 18.2). No such 
consensus has been developed for those involved in 
conservative care where structural details are thera- 
peutically important such as in spinal manipulation, 
though chiropractors have published significant 
material in this area (Cox, 1989; Rowe, 1992; 
Haldeman, 1993) (Table 18.3). 


Table 18.2 Indicators for obtaining lumbar spine 
radiographs 


Probable indicators 
> 50 years of age 
Trauma, recent and old 
Neuromotor deficit 
Unexplained weight loss 
Night pain 

Inflammatory arthritis 

Drug or alcohol abuse 

History of cancer 

Use of corticosteroids 

Fever of unknown origin (>100°F) 

Abnormal blood finding (ESR, WBC) 

Scoliosis or deformity 

Previous surgery or invasive procedure 

Failure to improve 

Medicolegal implications 

Possible indicators 
Poor posture 
Health policy 

Unavailable alternative imaging 
Unavailable previous imaging 
Dated previous imaging 
Patient reassurance 
Recent immigrant 
Manipulative therapy implications* 
Athletes 
Research 
Non-indicators 

Habit, routine, screening procedure 
Postural analysis 
Patient education 
Financial gain 

Assess post-discharge status 
Frequent biomechanical analysis 
Pre -employment screening 
Non-licensed operator 
Unfamiliarity with equipment 
Pregnancy 
Young patients 
Poor equipment 
Large patients 
Inappropriate indicator 


* See Table 18.3. Indications for obtaining lumbar spine 
radiographs in spinal manipulative therapy. 


Table 18.3 Indications for obtaining lumbar spine 
radiographs in spinal manipulative therapy 


Exclusion of significant pathology 
bone: tumours, osteoporosis 
joints: degenerative changes 
soft tissues: aneurysms, calculi 

Identification of structural malformations 

congenital anomalies: transitional vertebrae, tropism 
quantify leg length deficiency 
identify scoliosis characteristics 
spondylolisthesis 

Determination of direction of thrust 
curvature analysis 
apex vertebrae 
inrersegmental displacements 


Advantages 

Conventional radiographic apparatus is readily avail- 
able, reasonably priced and radiographs are quickly 
interpretable. Its main strengths are the depiction of 
bone morphology and that It can be performed in a 
weight-bearing position. 

Limitations 

There are two main limitations of plain films; failure 
to image soft tissues and relative insensitivity to bone 
destruction. No information is available on the status 
of the bone marrow, intraspinal neural elements and 
membranes (nerve roots, spinal cord), intervertebral 
disc, ligaments and paraspinal tissues. Up to 30-50% 
loss of bone density may be required in order to 
reliably depict it on plain radiographs (Rowe and 
Yochum, 1996a). Correlation of degenerative radio- 
graphic findings with pain syndromes is generally 
disappointing (Frymoyer et at, 1984; Haldeman, 
1993). 

Technique 

The standard lumbar study has been refined from a 
previous six-view study of AR AP tilt, lateral, lateral 
lumbosacral spot, and two obliques. An absolute 
minimum are two views in the frontal and lateral 
planes (Scavone et al., 1981; Rowe and Yochum, 
1996a). Oblique and lumbosacral spot views are 
optional views only (Schultz et al., 1992; Haldeman, 
1993). The decision to obtain stress radiographs in 
the sagittal (flexion-extension) and coronal (lateral 
bending) planes remains still unresolved but are 
considered optional and not for routine use (Phillips 
et al., 1990; Pope et al., 1992). Upright views are 
preferred for frontal and lateral studies wherever 
possible for the study of degenerative syndromes. 
Depiction of bone pathology should be performed in 
the recumbent position. The use of balancing filtra- 
tion improves image quality' and reduces dose. 


Copyrighted Material 



Imaging of mechanical and degenerative syndromes of the lumbar spine 277 


Complications 

Radiographs of the lumbar spine are the largest single 
source of gonadal irradiation and add considerable 
financial burden to the health system (Deyo and Diel, 
1986; Chisolm, 1991). This can be drastically reduced 
by proper patient selection, close collimation, reduc- 
ing the number of views, high frequency generating 
or three-phase equipment and rare earth screens 
(Rueter et al., 1992; Rowe andYochum, 1996b). The 
average skin entrance dose is approximately 420 
mRad (3.65 mGy) (Rueter et al., 1992). 


Myelography 

In 1919, Dandy employed the procedure of introduc- 
ing air into the subarachnoid space to examine the 
brain (Dandy, 1919). The use of positive contrast 
media was discovered by accident in 1922 by Sicard 
and Forrestier who inadvertantly injected iodized 
poppy seed oil (Lipiodol) (Sicard and Forrestier, 
1922). Myelography is being performed with far less 
frequency being replaced mainly by MR]. 

Indications 

Conventional myelography has few indications today 
unless CT and MRI are not readily available. In the 
past it has been useful in the investigation of spinal 
canal lesions (tumours, etc ), spinal stenosis, disc 
herniations and arachnoiditis. Other indications may 
include tears of the dura, nerve root avulsions and 
situations where MRI or CT cannot be performed. 

Advantages 

Myelography is readily available and generally can be 
performed on an outpatient basis which renders it 
relatively inexpensive (Boulay et al., 1993). Non-ionic 
water-soluble contrast opacifies nerve roots and 
outlines individual nerves and the conus medullaris. 
It provides an overview of the entire lumbar spine 
and is useful for determining multilevel spinal sten- 
osis. 

Limitations 

No information on bone marrow, paraspinal soft 
tissues, spinal cord, or disc pathology other than loss 
of height and showing some herniations. Limited 
knowledge is gained on nerve root disorders 

Technique 

Water soluble contrast medium (10-12 ml) is instilled 
following lumbar puncture at the L2-L3 or L3-L4 
level while in the prone position with the assistance 
of fluoroscopy. The table is tilted up to fill the caudal 


sac and a view taken from LI -S2. Right and left 
obliques, a cross-table lateral and PA view of the 
conus medullaris completes the examination. The 
caudal sac and individual nerve roots are examined 
for their size, shape and location. 

Complications 

The toxic effects of oil-based media (Pantopaque), 
specifically delayed onset of arachnoiditis from Pan- 
topaque, are well documented (Burton, 1978). Non- 
ionic water-soluble contrast agents currently in use 
have rapidly gained acceptance due to their low 
meningeal reactions and toxic effects (MacPherson et 
al., 1985). Meningeal irritation may account for 
headache (30-70%), nausea (30%), vomiting and 
dizziness (12-37%) (Hauge and Falkenburg, 1982). 
Spinoradicular symptoms are less common and con- 
sist of radicular pain, hyperaesthesia, hyper-reflexia 
and urinary retention. Cerebral symptoms such as 
seizures, visual and auditory disturbances, stroke and 
confusion, fever and leucocytosis are considered rare. 
Local problems from lumbar puncture may include 
intraspinal haematoma, abscess, or persistent dural 
tear with leakage of cerebrospinal fluid. 

'» 

Discography 

Schmorl and Junghanns introduced discography as an 
anatomic study to evaluate the internal structure of 
the cadaveric intervertebral disc (Schmorl and Jun- 
ghanns, 1971). In 1948, Lindblom and Hirsch inde- 
pendently described the injection of a radiopaque 
contrast material into the lumbar intervertebral disc 
(Hirsch, 1948; Lindblom, 1948). In, 1968 Holt descri- 
bed a false positive rate of 37% on asymptomatic jail 
in mates which has remained a contentious issue ever 
since (Holt, 1968; Simmons et al., 1988). In the mid- 
1980s discography was combined with CT to provide 
greater detail of herniations and the patterns of 
internal disc disruption and their correlation with 
clinical manifestations (McCutcheon and Thompson, 
1986) 

Indications 

Discography is largely reserved for those patients in 
whom MRI and CT have failed to determine a 
pathological cause or a site of discal disease and who 
are candidates for surgery (Collioun et al., 1988; 
Brightbill et al., 1994). 

Advantages 

The procedure can be performed as an outpatient 
procedure similar to myelography and is reasonably 
available. It is the only imaging study of the disc that 
has the ability to provoke symptoms which can be 
correlated with any abnormality of structure. 
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Limitations 

It is a test for only the intervertebral disc, though 
display of the bony anatomy is evident. Anular tears 
on conventional films can be obscured and requires 
CT-discography for full evaluation (Ninomiya and 
Muro, 1992). MRI similarly exquisitely demonstrates 
herniations but is not as sensitive as discography in 
the detection of internal disc disruptions with only 
two thirds identified (Yu et at., 1989; Osti et al ., 
1992). It is a relatively expensive, invasive and time- 
consuming procedure. 

Technique 

In the prone oblique position, with the non-painful 
side up, the needle is placed into the disc passing 
lateral to the pedicle (McFadden, 1988). Contrast 
medium is instilled while observing under fluoros- 
copy and monitoring the patient’s response. A normal 
disc accepts 1-2.5 ml of contrast, pathological discs 
more. On filling, the normal opacified nucleus is oval 
in shape, located in the posterior two-thirds of the 
interspace and separated from the vertebral body 
end-plate by a 1-2 mm radiolucent zone. The disc 
space may be observed to widen with the injection. 
Changes in morphology occur with movement, 
traction reduces its circumference, and flexion- 
extension shows the nucleus to move in location 
(Brinkmann and Horst, 1985) A normal variant is a 
linear lucency in its midportion. There should be no 
escape of contrast into the spinal canal in a normal 
disc. 

Complications 

Radiation dose is relatively high due to the use of 
fluoroscopy for needle placement. The major compli- 
cation is disc infection which is usually less than 
1-2.3% (Wiley et al., 1968; Fraser et al., 1987). 
Contrary to belief there is no convincing evidence 
that discography injures the disc (Johnson, 1989), 
although occasional nerve injury may occur. 

Facet arthrography 

Facet joint injection was first attempted by Kellgren 
in 1939, then by Hirsch in 1963 and Mooney and 
Robertson in 1976, as pain provocational studies. 
Currently it is a commonly utilized procedure prior to 
placing anaesthetic facet blocks (Schwarzer et al., 
1994). 

Indications 

In unresponsive patients in whom a discogenic or 
other cause has not been delineated, facet arthrog- 
raphy followed by anaesthetic blocks may be of 
diagnostic and therapeutic value (Carrera and Wil- 
liams, 1984; Schwartzer et al., 1994). Continuity with 


an intraspinal soft tissue mass confirms the diagnosis 
of synovial cyst (Bjorkengren et al., 1987; Abrahams 
et al., 1988). 

Advantages 

Filling of the facet joint ensures the correct place- 
ment of an anaesthetic agent. 

Limitations 

Anaesthesia of the facet joints requires subjective 
interpretation by the patient which may be incorrect. 
To be sure of a truely positive response, a double 
block procedure’ is mandatory (Schwartzer et al., 
1994). On the first visit a short-acting anaesthetic 
(lignocaine) is instilled 

a reported decrease in pain, 2 weeks later a second 
injection is performed with a longer acting agent 
such as bupivacaine. A positive response for asympto- 
matic joint is at least 50% decrease in pain with both 
injections which, following the second injection, 
lasts 3 hours or more (Schwartzer et al., 1994). 

Technique 

The injection is performed as an outpatient proce- 
dure without pre-medication. In the prone oblique 
position, with fluoroscopic guidance, the needle is 
passed into the joint. Only 0.1-0. 3 ml of contrast 
medium is then injected to confirm the intra-articular 
position. The capsular capacity of the upper lumbar 
facets is less than that of the lower facets, with the 
L5/S1 joint being the most capacious. 

Complications 

There has been little discussion or evidence pub- 
lished of problems arising secondary to facet arthrog- 
raphy. At least 4% of subjects may experience short 
term exacerbation of their symptoms (Destouet and 
Murphy, 1988). There is a hypothetical risk for 
infection, capsular or nerve injury. Arachnoiditis from 
the injection of steroids into the facets has been 
recorded (Tress and Lau, 1991). 

Computed tomography 

In 1973 Hounsfield first published details for obtain- 
ing axial images of the head for which he was 
awarded the Nobel prize in 1979 (Hounsfield, 1973). 
Significant advancements in hardware and computer 
technology rapidly transformed the technique into a 
highly sophisticated modality for body imaging. It is 
no longer referred to as ‘CAT’ scan (computed axial 
tomography), instead deriving the abbreviation CT' 
since images can be reformatted into many planes 
with computer technology (Multi-Planar Reconstruc- 
tions, MPR). 
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Indications 

CT has broad application to disorders of the lumbar 
spine including disc disease, spinal stenosis, bone and 
nerve tumours, infections, congenital, post-surgical, 
traumatic and paraspinal lesions. Paraspinal abnor- 
malities may be identified in more than 1% of lumbar 
spine CT cases (Osborn el al., 1982; Frager el al., 
1986 ). 

Advantages 

CT is now readily available and cost effective when 
patients are selected appropriately. It is non-invasive 
unless contrast is used, has excellent resolution, 
allows visualization of both soft tissue and bone 
details, and the information can be manipulated into 
different planes and densities. 

Limitations 

The correct levels for obtaining axial images is crucial 
to locating abnormalities. Reconstructed images in 
additional planes are prone to artefact, image degra- 
dation and loss of detail. Selection of the correct 
window setting is vitally important to isolating 
abnormalities. The spinal cord, its coverings and 
nerve roots require a myelogram to adequately 
demonstrate them (CT-myelography, CTM). Metallic 
implants, obese and restless patients suffer image 
degradation. 

Technique 

The study is performed supine with the knees flexed. 
Prone examinations are performed when combined 
with myelography (Tehranzadeh and Gabriele, 1984). 
Images are obtained in the axial plane from which 
additional planes can be derived and presented with 
varying contrast. 

Initially a digital radiograph (scanogram, scout, 
pilot, localizer) is obtained in the lateral projection 
and, occasionally, other planes including frontal and 
obliques which often identify an abnormality (Nuri 
Sener et al., 1993). On this scan the selection and 
angles of desired images can be localized. There is 
dispute as to whether selected angled gantry or 
sequential non-angled studies are better (Braun et al., 
1984). Sequential images at regular intervals allows 
for reformatting (reconstruction, multiplanar imag- 
ing) into additional planes (lateral, oblique, three- 
dimensional) (Rabassa et al., 1993). 

Most studies traverse the interval from the L3 
pedicle to the sacral base, though some argue that 
inclusion of the L3-L4 disc without specific indication 
is unnecessary (de Vos Meiring et al., 1994). These are 
performed at a slice thickness of 3-5 mm at 3-5 mm 
intervals, usually with overlapping (for example, 
5 mm slices at 4 mm intervals) with a total of 25-30 


slices (Braun et al., 1984). Images should be displayed 
at ‘soft tissue’ and bone window’ settings which 
enhance the visibility of the respective anatomical 
components. The addition of radiopaque contrast will 
allow improved visibility of some structures and 
improve diagnostic accuracy. 

CT-myelography (CTM) 

Water-soluble contrast is placed in the subarachnoid 
space by lumbar puncture in the conventional 
manner. Adequate mixing of contrast is necessary, and 
the patient may need to be rolled several times prior to 
CT scanning. CT should be performed within 6 hours 
of the introduction of intrathecal contrast with an 
optimum time of 2-3 hours. Prone positioning 
following intrathecal contrast may reduce lordosis and 
more satisfactorily outline the posterior disk margin 
with intrathecal contrast (Tehranzadeh and Gabriele, 
1984). 

CT-discograpfjy (CTD) 

Discography is performed in the usual way. When 
combined with CT, greater detail on herniations and 
the patterns of internal disc disruption can be 
determined (McCutcheon and Thompson, 1986). 

Intravenous injection 

Conditions which are vascular and have permeable 
vessels such as intraspinal tumours, infections, and 
post-surgical fibrosis, will enhance with intravenous 
contrast. Normal vessels such as the epidural veins 
similarly will become more prominent. 

Complications 

Radiation dose varies considerably depending on the 
patient thickness, equipment and number of slices 
obtained ranging from 1-7 rads (average 3-5 rads) 
(Evens and Mettler, 1985). Contrast reactions, while 
less common, still occur, ranging from localized 
inflammation (arachnoiditis), infection (discitis), and 
mild to severe allergic reactions (urticaria, anaphy- 
laxis). 

Magnetic resonance imaging 

The phenomenon of magnetic resonance (MR) was 
first reported in 1946 by Bloch and Purcell, for which 
they received the Nobel prize for physics in 1952 
(Bloch, 1946; Purcell et al., 1946). In July 1977, 
Damadian and Lauterbur utilized these principles to 
produce the first images of the chest which took 5 
hours to complete (Lauterbur, 1973; Damadian, 1980; 
Vaughn, 1989). Rapid advancement in MR technology 
has made this modality the most significant contribu- 
tion to the understanding of pathology, natural history, 
diagnosis and management of lumbar spine disorders. 
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MR avaiJability is rapidly increasing, though cost 
containment issues have limited its general utilization 
(Rothschild et al ., 1990). The cost of a lumbar MRI 
study varies according to location, use of contrast and 
the numberof images derived. A conservative estimate 
for MR of the lumbar spine may exceed $2 billion 
annually in the United States (Modic et al., 1994). 

Indications 

As experience is gained and image quality improves 
the applications of MRI continue to expand. There are 
few conditions of the lumbar spine in which MRJ is not 
the technique of choice following initial plain film 
radiographs. This includes disorders of the inter- 
vertebral disc, spinal ligaments, spinal cord and nerve 
roots, spinal canals (central and lateral), bone marrow 
and paraspinal soft tissues (Cotier, 1992; Holtas, 1993). 
It is especially useful in evaluation of failed back 
surgery syndrome in differentiating epidural fibrosis 
from recurrent disc herniation by demonstrating 
Gadolinium enhancement (Kormano, 1989). MRI 
should not be used as a screening test or done 
simultaneously with CT (Modic and Herzog, 1994). 

Advantages 

There are three primary advantages of spinal MRI - it 
does not use ionizing radiation, it is non-invasjve, and it 
depicts soft tissues in exquisite detail (Cotier, 1992). 
No other non-invasive imaging modality has the ability 
to depict the internal structural and biochemical 
changes within the intervertebral disc and nerve 
elements. Because of its non-invasive nature, repeti- 
tive examinations can be conducted which allows 
many disease processes to be followed in response to 
treatment and aspects of its natural history elucidated 
(Dwyer, 1989). 

It has largely replaced a number of other invasive 
investigative methods including myelography and 
discography. The major advantage of MRI over CT is 
that it doesn’t require myelography to identify the 
neural elements adequately. MRI avoids the diagnostic 
errors made in CT by selecting inappropriate scanning 
levels, since sagittal images include at least the conus 
to the lower sacrum MRI is also more sensitive than 
CT in the detection of degenerative disc disease 
(Modic et al., 1984), metastatic or primary tumour 
(Colman et al., 1988), and infections (Modic et al., 
1985). 

Limitations 

A major problem with spinal MR imaging is the high 
sensitivity for demonstrating disc disease. Up to 50% 
of asymptomatic lumbar spines will have disc abnor- 
malities such as dehydration, bulging and herniation 
demonstrated on MRI, while CT can show the same 
abnormalities in around 35-50% (Wiesel et al., 1984; 
Boden et al., 1990; Jensen et al., 1994). Gas, small 
deposits of calcium, osteophytes, bony stenosis and 


fractures are generally poorly seen on MRI (Resnick, 
1985; Kormano, 1989; Cotier, 1992). 

Restless and large patients may not be able to be 
scanned. Claustrophobia remains the single greatest 
problem, which can usually be alleviated by relaxa- 
tion strategies, with sedation seldom required (Wein- 
reb et al., 1984; Quirk et al. , 1989). Certain ferromag- 
netic metallic implants will seriously malfunction 
within the magnetic field, including metallic intra- 
cranial clips, foreign bodies (soft tissue, eye), pace- 
makers, prosthetic heart valves, hearing 
cochlear implants, some IUDs and TENS machines 
(Kelly et al., 1986; Coder, 1992). Teeth fillings, 
abdominal clips, joint prostheses and spinal instru- 
mentation are not contraindications to MR scanning, 
though they do produce artefactual signal voids 
which can obscure anatomical details. MRI should be 
avoided in pregnancy. 

Technique 

A multitude of imaging formats can be employed by 
varying the planes imaged (coronal, axial, sagittal) 
and tissue density (pulse sequences, weighting). The 
usual lumbar spine protocols consist of sagittal and 
axial Tl- and T2-weighted images and axial Tl-weigh- 
ted images with some variations (Herzog, 1991). 

Planes 

The basic study consists of a minimum of sagittal and 
axial images. This complements anatomical detail and 
provides a higher level of confidence for confirming 
and characterizing abnormalities. 

1. Sagittal Images. These should include the lower 
thoracic spine to the bottom of the sacrum and are 
the most useful diagnostic projections. Between 
11 and 14 images are obtained sequentially, from 
right to left, at 3-5 mm thickness with 1-2 mm 
intervals (Heithoff and Amster, 1990). Tl- and 
T2-weighted images are usually obtained in this 
plane. 

2. Axial images. As in CT, 17-25 images are typically 
obtained from L3 pedicle to the upper sacrum, 
with selected images at upper levels as deemed 
clinically relevant (Heithoff and Amster, 1990). 
Bone detail is only fair in this plane, in contrast to 
the clarity of the intraspinal and paraspinal tissues. 
Usually, these are only obtained withT2-weighting 
unless gadolinium is used in which caseTl-weight- 
ing is used. Slice thickness is 3-5 mm with 
1- 2 mm gaps between slices. 

3. Coronal imaging. This is the least used spinal 
imaging plane. Effects of the lordosis and kyphosis 
make continuous imaging over multiple segments 
difficult, though oblique coronals will assist in 
minimizing sagittal curve effects. Coronal imaging 
is helpful in scoliosis and in demonstrating long 
lesions of the cord. 
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Pulse sequences 

By varying the pulse sequences, the tissues wilJ 
change in their relative contrast with some enhancing 
and some degrading (Table 18.4). The main para- 
meters altered to derive the pulse sequences are the 
repetition time (TR) and echo time (TE). The main 
sequences used include Tl, T2 and proton density. 
Where gadolinium is used, Tl-weighted images are 
employed (Runge, 1983) 

1 Tl-weighted. The pulse parameters consist of 
short TR (400-600 ms) and short TE (15-30 ms). 
They are ideal for evaluating structures with fat, 
subacute or chronic haemorrhage, or protein- 
aceous materials. These are excellent images to 
show anatomic structures and delineate their 
interfaces (Herzog, 1991) Tl images provide 
morphological detail of the spinal cord, nerve 
roots, and surrounding tissues and spaces. Fat on 
theseTl images provides high signal to provide an 
excellent soft tissue interface for detecting these 
tissues In the normal spine the signal intensity on 
Tl in descending order are fat, nucleus pulposus, 
bone marrow, cancellous bone, spinal cord, mus- 
cle, cerebrospinal fluid, anulus fibrosus, ligaments 
and compact cortical bone (Modic el al., 1984). 

2. T2-weighted.The pulse parameters consist of long 
TR (1 500-3000 ms) and longTE (60-120 ms). The 
signal intensity is related to the amount of water 
within a tissue. High signal tissues ('white’) 
include cerebrospinal fluid and intervertebral 
discs. Pathological conditions, including fluid col- 
lections, acute haemorrhage, infections, oedema, 
cysts, necrotic tumours, and neoplasms will elicit 


Table 18.4 MRJ signal intensity of tissues found in the 
lumbar spine 


Tissue 

T t- weighted 

T2-weigbted 

Epidural fat 

High 

High 

Nucleus pulposus 

Intermediate 

High 

Facet cartilage 

Intermediate 

Intermediate 

Bone marrow 

Intermediate 

Intermediate 

Cancellous bone 

Intermediate 

Low 

Nerve, cord 

Intermediate 

Intermediate 

Muscles 

Low 

Low 

Thecal sac (CSF) 

low 

High 

Anulus fibrosus 

Low 

Low 

Ligaments 

Low 

Low 

Cortical bone 

Low 

Low 

Gas 

Low 

Low 

Blood vessels 

Low 

Low 


Signal grading scale 


Low: black 

Intermediate: grey 

High: white 


high signal (Herzog, 1991). T2 images produce an 
exquisite myelogram effect’ of the cerebrospinal 
fluid and highlight the water content of the 
intervertebral disc. Bone has few mobile free 
protons and generates little signal ( black ). 

3. Proton density. The pulse parameters are longTR 
(1500-2000 ms) and short TE (15-30 ms). The 
signal intensity in the image reflects the total 
number of mobile hydrogen ions in the tissue. 
These images are particularly useful for evaluating 
tumours, oedema, ligamentous structures and 
articular cartilage (Grenier et al., 1987a). The 
posterior anulus, ligamentum flavum, central and 
lateral canals, zygapophysial joints and posterior 
elements are most elegantly demonstrated (Her- 
zog, 1991). 

Contrast agents 

The most common contrast agent is gadolinium DTPA 
(gadolinium, Magnevist) (Carr et al., 1984; Runge, 
1992). Gadolinium interacts with water protons to 
shorten their Tl relaxation time thus increasing the 
signal on Tl-weighted images It does not cross the 
normal blood- brain barrier but, when disrupted, will 
produce enhancement of the breach site making it 
especially useful in identifying tumours, infections, 
infarctions and inflammatory conditions of the spinal 
cord and meninges. 

Complications 

No known complications exist beyond the potential 
for injury from acknowledged contraindications for 
example critical metallic implants and foreign metal- 
lic bodies such as intracranial vascular clips, cardiac 
pacemakers and metal in the orbit (Kelly et al., 1986; 
Cotier, 1992). The high level of noise generated 
during the examination may induce headache, tem- 
porary auditory deficits and disorientation (Roths- 
child et al., 1990). Body temperature may rise less 
than one degree fahrenheit during the examination. 
Gadolinium may produce local pain, allergic reac- 
tions from hives to anaphylaxis, and some haemolysis 
(Salonen, 1990; Runge, 1992) 

Nuclear medicine 

In, 1919, Rutherford first demonstrated the emission 
of alpha particles from radium. The introduction of 
technetium in 1937 by Perrier and Segre, and later 
adapted in 1971 by Subramaniam and McAfee, 
revolutionized the medical applications of nuclear 
imaging to the skeletal system (Subramanian and 
McAfee, 1971; Holder, 1990). Improvements in iso- 
tope preparation and imaging hardware, such as in 
computer components, collimators and detectors, 
have improved image quality. 
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Indications 

Increased bone uptake can be demonstrated with only 
a 3-5% change in bone activity and, therefore, has 
widespread applications in the diagnosis of spinal 
disease. It is especially useful in the early depiction and 
progress of infections, tumours, fractures, Paget’s 
disease, articular disorders and bone pain of unde- 
termined aetiology (Valdez and Johnson, 1 994). It is as 
accurate in spinal osteomyelitis and metastatic disease 
as MRI (Modic et al., 1985). Multiple myeloma can be 
normal on bone scan except for sites of pathological 
fracture. Unilateral pars defects which are sympto- 
matic are frequently active on bone scan (Valdez and 
Johnson, 1994). Insufficiency fractures of the sacrum 
may only be found with bone scan with less than 5% 
being visible on plain films (Weber et al. , 1993). 

Advantages 

Nuclear medicine is readily available, in general, but 
usually requires specialized facilities. Nuclear imaging 
is an extremely sensitive marker of bone and joint 
disease for imaging the entire skeleton (Frank et al., 
1990). It has high sensitivity but relatively low 
specificity. Any disease process which disturbs the 
normal balance of bone production and resorption 
can be depicted on bone scan, usually as an increased 
uptake (hot spot’), or occasionally decreased uptake 
('cold spot’). 

Limitations 

Specificity is generally low. Use of tomography 
(SPECT) enhances contrast and increases the sensitiv- 
ity of the examination (Heilman et al., 1986). In the 
degenerative spine, nuclear medicine has limited 
application (Valdez and Johnson, 1994). Herniated 
disc and spinal stenosis have normal scans. Some 
advanced degenerative discs with osteophytes, scle- 
rosis and loss of height will show increased uptake. 
Similarly, facet arthrosis may be active on scan though 
the clinical utility of this finding is unclear (Valdez 
and Johnson, 1994). It is a relatively expensive 
examination 

Technique 

The two most common agents employed areTechne- 
tium-99m and Galium-67. Essentially the radionuclide 
is injected intravenously and becomes protein bound 
where it perfuses into skeletal sites and binds to the 
bone crystal surface. Unbound radionuclide is renally 
excreted which may be as high as 50% 1 hour post 
injection. As the isotope undergoes degeneration, 
gamma rays are emitted which are detected by a 
scintillation camera. The greater the bone turnover, 
the higher the concentration of isotope and the 
greater the scintillation count which produces the 
hot spot’ on the resultant image. 


Three studies are usually obtained following injec- 
tion ( three phase study’). One obtained immediately 
depicts the vascular tree distally and is called a flow’ 
study. Within 5 minutes, images depict the capillary 
and venous phases of perfusion and this is called a 
blood pool’ study. At around 2-3 hours there is 
significant bone uptake for bone image’ study. 

Com plications 

The whole body dose is approximately 0.13 rads 
(Maguire et al., 1990). The organ receiving the 
highest radiation dose is the bladder due to renal 
excretion which can be minimized by pre-study 
hydration and post study frequent micturition. Bone 
scans should not be used during pregnancy. In 
lactating mothers isotope will be present in breast 
milk for several days (Maguire et al., 1990). 

Videofluoroscopy 

Enthusiasm from early fluoroscopic investigations in 
the lumbar spine during the 1970s have since been 
tempered with the reality for rationalizing the high 
radiation doses and cost with the technical inherent 
inconsistencies in structural details, the wide range of 
normality, and the lack of clinical correlation (Howe, 
1970, 1989). 

Indications 

The use of videofluoroscopy (VF) in the lumbar spine 
is not considered a standard diagnostic procedure 
and can only be regarded as a research investigative 
modality (Quebec Task Force, 1987; Haldeman el al., 
1993). Limited research investigations have provided 
some insight into lumbar kinematics, though these 
are few (Bronfort and Jochumsen, 1984; Breen et al., 
1989, Bell, 1990). 

Advantages 

The depiction of whole range mechanics is not 
demonstrated by any other method (Bronfort and 
Jochumsen, 1984). Utilization of computer digitizing 
techniques allows quantification of intersegmental 
kinematics (Breen et al., 1989) Recording on video- 
tape allows frame by frame analysis. 

Limitations 

Adequate equipment and its upkeep is exceptionally 
expensive. Depending on the jurisdiction, strict 
licence requirements usually preclude general usage 
outside qualified individuals. Normal motion patterns 
and methods of mensuration have not been estab- 
lished and to be accurate requires expensive and 
time-consuming computer digitization (Howe, 1970, 
1989; Breen et al., 1989; Cholewicki et al., 1991). To 
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digitize a single lateral flexion study may take at least 
1 hour (Breen et al., 1989). A wide variation in 
normal patterns has been observed which makes 
conclusions on observed findings difficult as there 
are no established norms (Bronfort and Jochumsen, 
1984; Breen et al., 1989). Poor structural detail 
disqualifies its use as a primary diagnostic modality 
with interobserver reliablity only around 50% (Bron- 
fort and Jochumsen, 1984; Howe, 1989). 

Technique 

The lumbar spine is evaluated in the coronal (lateral 
flexion) and sagittal (flexion-extension) planes, 
beginning from the neutral position and progressively 
moving to the physiological end points possible. 

Complications 

The high radiation dose from the procedure is a major 
drawback. With strict guidelines such as proper 
patient selection, minimum screening times, short 
distances, and high quality equipment, this can be 
significantly reduced (Breen et al., 1989). 

Ultrasound 

Diagnostic ultrasound (US) of the adult lumbar spine 
has received scant attention with a few notable 
exceptions (Porter et al., 1980; Hammond, 1984; 
Portela, 1985; Tervonen and Koivukangas, 1989; 
Tervonen et al., 1991). Ultrasound is freely available 
but is rarely performed for back pain having not 
gained general acceptance. 

Indications 

The most common application of sonography in the 
lumbar spine is in the diagnosis of spinal dysraphism 
(for example, spina bifida) in utero and in the 
neonate. Ultrasound has been used for the identifica- 
tion of paraspinal disease, spinal stenosis (Porter et 
al., 1980), disc herniation (Portela, 1985), degen- 
erative disc disease (Tervonen et al., 1991) and 
spondylolisthesis (Hammond, 1984). It has also been 
used intra-operatively to assess the location and 
characteristics of tumours, syrinx, disc herniations 
and shunt placement (Rubin and Dohrmann, 1985). It 
is more readily performed following laminectomy and 
is useful in the diagnosis of post operative complica- 
tions such as pseudomeningocele. 

Advantages 

No ionizing radiation is used and, therefore it can be 
used more frequently and for screening such as in 
adolescent spondylolisthesis (Hammond, 1984). Iden- 
tification of unsuspected paraspinal disease, such as 
aneurysm and lymphoma can be well demon- 
strated. 


Limitations 

No information is derived on bone or joint structure. 
The resolution within the canal and of its contents is 
not good enough to identify significant abnormalities 
reliably. Calcification of the ligamentum flavum, 
diminished interlaminar space (hyperlordosis, spur- 
ring, disc degeneration) and the presence of metallic 
implants impairs the examination. Image quality is 
limited by the calibre of the equipment and the skill 
of the operator and interpreter (Tervonen et al., 
1991). 

Technique 

To identify the spinal canal, spondylolisthesis, and 
some disc herniations, the transducer is placed on the 
back and directed through the interlaminar space and 
it is angled 15 degrees to each side. The beam deflects 
off the posterior borders of the disc and vertebral 
body and identifies the lamina. A transabdominal 
approach can be used with the beam directed 
through the plane of the intervertebral disc (Tervo- 
nen and Koivukangas, 1989). 

Com plications 

No complications have been documented other than 
misdiagnosis of bone or intraspainal pathology. 


Angiography 

The study of the blood supply to the spine was 
originally based on the cadaveric works of Adamkie- 
wicz and Kadyi in the 1880s (Smith and Cragg, 1991). 
Spinal angiography is a specialized procedure requir- 
ing specifically skilled operators and equipment. 

Indications 

The most common indication is to assist in identify- 
ing arteriovenous malformations, their arterial supply 
and venous drainage. Other rare indications include 
vascular tumours (haemangioblastomas>, pre-scolio- 
sis and occasionally pre-aortic aneurysm surgery. It 
may also be of assistance for possible pre-operative 
embolization such as in haemangiomas (Esparza et 
al., 1978). Lumbar epidural venography has been 
previously used for diagnosing disc herniations but 
has been superseded by CT and MR imaging. 

Limitations 

The invasive and time-consuming nature of angiog- 
raphy has largely been replaced by CT and MR 
imaging. It is performed in a hospital setting with 
specialized equipment. 
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Technique 

Initially the patient is sedated, some advocating 
general anaesthesia. A catheter is introduced through 
the femoral artery, and the segmental supply one 
level either side of the vertebral level involved 
selectively catheterized. The images are then digitally 
subtracted to enhance the vascular structures and 
diminish others. 

Complications 

The examination is invasive, time consuming, 
requires anaesthesia with its inherent risks, gives high 
radiation doses and does not demonstrate details of 
the cord itself. Neurological complications due to 
spasm, thrombosis or embolization occur in about 
2.2% of spinal angiographies (Forbes et al., 1993). 

Posterior joint and neural arch 
syndromes 


A number of conditions involving the posterior joints 
and neural arch are recognized (Table 18.5). 

Table 18.5 Posterior joint and neural 
arch syndromes 


Instability 

Mechanical zygapophysial joint 
syndrome 

Zygapophysial joint arthropathy 
Synovial cyst 

Degenerative spondylolisthesis 
Baastrup’s syndrome 
Lumbosacral transitional vertebra 
Spondylolisthesis 
Retrolisthesis 

Costotransverse arthropathy 


Spinal instability 

The definition of spinal instability remains enigmatic 
(Nachemson, 1985; Pope et al., 1992). It is synon- 
ymous with a loss of motion segment stiffness such 
that, when forces are applied, exaggerated displace- 
ment occurs, i.e., greater than in a normal structure 
(Pope et al., 1992). Such instability can result in pain, 
potential for progressive deformity, and places neuro- 
logical structures at risk. There are many causes 
including fractures, dislocations, infections, tumours, 
spondylolisthesis, scoliosis, kyphosis and degenera- 
tive conditions. 

Degenerative instabilities are those related to loss 
of joint stiffness, either from primary causes includ- 
ing disc and facet degeneration, or secondary to post- 


treatment complications such as discectomy, lam- 
inectomy, fusion or chemonucleolysis (Frymoyer, 

1991) . Radiographic methods are the most con- 
sistently utilized means for detecting, quantifying and 
developing management strategies for instability. To 
date the clinical -radiological correlation between 
imaging findings of instability and their clinical 
significance remains largely unresolved (Boden et al., 
1990; Frymoyer, 1991). 

Imaging features 

Conventional radiography 

This is the major method utilized for the study of 
instability and utilizes both static and dynamic 
studies. 

Static findings 

Those suggesting segmental instability include loss of 
disc height, traction osteophytes, facet arthrosis, 
translation and scoliosis (Frymoyer, 1991, Pope et al., 

1992) . Scoliosis and translational displacements are 
best observed in upright weight-bearing studies 
(Friberg, 1987). 

Progressive osteolysis of vertebral end-plates identi 
cal to that of a disc infection can occasionally be seen 
at a level of instability, especially following lam- 
inectomy (Bradford and Gotfreid, 1986). 

Translations occur most commonly sagittally (ante- 
rolisthesis- retrolisthesis), laterally or into rotation. 

Dynamic findings 

Pivotal in these examinations is to subject the lumbar 
spine to forces that maximize the instability 
( dynamic studies’). The most frequently employed 
studies utilize end points of physiological movements 
(flexion-extension, lateral bending) or axial loading 
(erect, weight bearing, distraction), or both (Dupuis 
et al., 1985; Friberg, 1987). 

Flexion -extension radiographs are the most com- 
monly utilized studies. The two major intersegmental 
relationships evaluated are anteroposterior glide and 
angular separation (Sato and Kikuchi, 1993). A 
combined flexion -extension translation of more than 
3 mm is considered to be evidence for instability, 
though some suggest 4-5 mm is more appropriate 
(Boden and Wiesel, 1990; Frymoyer, 1991). Increased 
retrolisthesis on extension occurs in approximately 
30% of low back pain patients (Lehmann and Brand, 
1983). Axial loading radiographs have demonstrated 
increasing symptoms correlating with an increase in 
the degree of spondylolisthesis (Friberg, 1987). Angu- 
lar motion determined by end-plate parallelism should 
not exceed 7-9 degrees (Boden et al., 1990). 

The natural history of instability has not been fully 
elucidated, though there is evidence to suggest that at 
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least 20% resolve the instability spontaneously, and 
those with purely increased posterior widening are 
self-limiting The combination of posterior widening 
and forward translation is associated with a higher 
incidence of chronic disability (Sato and Kikuchi, 
1993). Conversely hypomobility at all levels is found 
in low back pain with no single level showing a 
measurable difference in fixation (Pearcy, 1985; 
Dvorak et al., 1991) 

Despite these positive correlations with symptoms, 
dynamic studies of asymptomatic populations with 
measurable instability have cast considerable doubt 
on their validity (Phillips et al., 1993) Additional 
detractions from the routine use of dynamic radio- 
graphs are the high levels of radiation, cost, observer 
errors, and lack of mid motion information (Pope, 
1992). 

Magnetic resonance imaging 

MR imaging may be helpful in assessing functional 
stability after lumbar spinal fusion (Djukic et al., 
1990; Lang et al., 1990). Stable fusions of greater than 
12 months demonstrate sub-end-plate bands of high 
signal on T1 due to the conversion of red to yellow 
(fatty) marrow (Type 2). Conversely, unstable fusions 
due to inflammation, hyperaemia or granulation 
tissue exhibit sub-end-plate zones of low signal onTl 
and high signal on T2 (Type 1). 

Mechanical facet syndrome 

The term facet syndrome' was first coined by 
Ghormley in 1933, characterized by back and leg 
pain emanating from mechanical irritation of a low 
lumbar zygapophysial joint (Ghormley, 1933) Tradi- 
tionally, it has been a clinical diagnosis though there 
exist no reliable clinical or radiographic features. The 
facet syndrome may only account for around 15% of 
low back pain (Schwarzer et al., 1994). The definitive 
diagnosis is confirmed with pain provocation with an 
intra-articular injection of saline or contrast media 
into the facet joint, and pain relief by injecting a 
solution of local anaesthetic (Jackson, 1992; Griffiths 
et al., 1993). 

Imaging features 

Conventional radiography 

Intersegmental disrelationships as depicted by con- 
ventional radiographs have been implicated as signs 
for facet syndrome (Peters, 1983). This includes 
named measurements including Hadley's S’ curve, 
MacNab’s line, sacral base angle, lumbosacral disc 
angle, retrolisthesis, anterolisthesis, Ferguson's grav- 
ity line and facet override. An isolated wide zygapo- 
physial joint has been linked to the syndrome 
(unstable zygapophysial joint sign) (Abel, 1977). 



Figure 18.1 Facet arthrogram, L4-L5. A needle has been 
placed within the L4-L5 facet joint (arrow) A contrast agent 
has been placed into the joint which outlines the limits of 
the joint capsule (arrowheads) The injection of contrast is 
given prior to anaesthetic agents being placed into the joint 
to confirm the intra-articular position of the needle. 

Facet arthrosis may occasionally be found in a 
symptomatic joint though this is an unreliable sign 
(Griffiths et al., 1993) Facet arthrography is per- 
formed prior to the injection of anaesthetic to ensure 
proper placement (Figure 18.1). MRI and bone 
scanning have been unrewarding in the detection of 
symptomatic facet syndromes. 

Facet arthropathy 

Facet arthrosis is very common in the low lumbar 
spine. Histological evidence of facet arthrosis in the 
presence of normal radiographs approaches 20% of 
patients by 35 years of age (Giles and Taylor, 1985). 
Radiographic changes are visible in at least 65% by 
age 50-60 years (Pathria et al., 1987). 

Imaging features 

Conventional radiography 

Normal facets are only visible on approximately 40% 
of frontal films in contrast to almost 100% of oblique 
studies (Pathria et al., 1987; Griffiths et al., 1993). 
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Manifestations of facet arthrosis, best depicted on the 
oblique view consist of osteophytes, sclerosis and 
loss of joint space (see histological examples: Figures 
6.8; 6.17). 

Computed tomography 

Axial CT bone window images demonstrate arthrosis 
accurately. As well as osteophytes, sclerosis and loss 
of joint space, subchondral cysts and the degree of 
stenosis can be assessed (Figure 18.2). Hypertrophy 
of the inferior facet tends to cause central stenosis, 
while involvement of the superior facet narrows the 
lateral canal (Dussault and Lander, 1990). 

Magnetic resonance imaging 

The joints can be seen on sagittal and axial images 
especially T2-weighted. Osteophytes, narrowing and 


sclerosis of the facet joint cannot be accurately assessed 
with MR] (Modic et al., 1994). Fatty marrow within a 
degenerative articular process, most commonly the 
superior, shows increased signal onTl- andT2-weigh- 
ted images (Grenier et al., 1987). The major benefits 
derived from MRI is the assessment on adjacent lateral 
and central canals and their contained neural elements 
where they may be seen to be compressed, or 
displaced, frequently with a lack of surrounding 
epidural fat. Identification of accompanying synovial 
cysts can be easily made (Yuh et al. , 1991). 

Synovial cysts 

Synovial cysts represent either herniation of syno- 
vium beyond the confines of the joint capsule or 
mucinous degeneration of connective tissue adjacent 
to the joint (Abrahams et al., 1988; Gorey et al.. 



Figure 18.2 Facet arthropathy L4 - L5, computed tomography. On this axial CT bone window image the presence 
of bilateral facet arthrosis is well demonstrated Findings include osteophytes (arrows), sclerosis, loss of joint 
space (arrowheads) and subchondral cysts (crossed arrow). Evidence for anterolisthesis is provided by the 'double 
margin’ sign at the posterior vertebral body margin (large arrow). The advantage of axial CT is the accurate 
depiction of t hese bony changes and assessmentfor the degree of stenosis. Hypertrophy of the inferior facet tends 
to cause central stenosis while involvement of the superior facet narrows the lateral canal 


Copyrighted Material 



Imaging of mechanical and degenerative syndromes of the lumbar spine 287 


1992). The most common level to be involved is the 
L4-L5 level where at least 75% occur, the remainder at 
L3-L4 and L5-S1, though rare cases may occur 
elsewhere (Hsu et al., 1995). They invariably are 
found in conjunction with degenerative facet arthrop- 
athy (Jackson et al ., 1990). 

Imaging features 

Conventional radiography 

Plain films are unlikely to elucidate the diagnosis 
unless the cyst is densely calcified or bone erosion is 
extensive. Degenerative facet arthropathy is usually 
the only finding with occasional coexisting degen- 
erative spondylolisthesis (Hsu et al., 1995). Myelog- 
raphy reveals an extradural filling defect. 

Computed tomography 

A smooth bordered extradural soft tissue mass lying 
near the facet joint-lamina region with extension into 
the lateral canal is the main feature (Hsu, 1995) 
(Figure 18. 3A). Gas within the mass is a reliable sign 
for synovial cyst (Schultz et al., 1984). The peripheral 
rim may be more prominent or even calcified with a 
more lucent central zone creating a characteristic 
‘target' appearance (Bjorkengren et al., 1987). Injec- 
tion of contrast into the cyst may demonstrate a 
central cavity and communication with the facet joint 
(Bjorkengren et al., 1987; Abrahams et al., 1988). 
Extrinsic bone pressure erosion with a smooth, 
sharply defined border most commonly into the inner 
surface of the lamina, can be observed (Gorey et al., 
1992). 

Magnetic resonance imaging 

A round, sometimes bilobed, dumb-bell-shaped well 
circumscribed mass 5-10 mm in diameter lies dor- 
sally and in an extradural location (Hsu et al., 1995) 
(Figure 18. 3B). A high to intermediate signal onTl, 
and high to low signal onT2, is common. A peripheral 
rim of decreased signal on T2 is a consistent finding 
(Liu et al., 1989; Rosenblum et al., 1989). Calcifica- 
tion is not demonstrated on MR1 (Hsu et al., 1995). A 
high internal signal is found in the presence of 
haemorrhage which diminishes with time as the 
haematoma degrades with methaemoglobin forma- 
tion (Jackson et al., 1990). On Gadolinium-enhanced 
MR images there is early and persistent enhancement 
of the cyst wall and solid components, while there is 
delayed enhancement of the internal cavity (Yuh et 
al., 1991). 

Baastrup’s disease 

Approximation and contact between lumbar spinous 
processes with subsequent ligament degeneration 


and pseudojoint formation was first alluded to in 
1834 by Meyer who referred to the condition as 
‘interspinous diarthroses’ (Schmorl and Junghanns, 
1971). In 1933 Baastrup recorded the first clinical 
observations in conjunction with the presence of 
these adventitious pseudojoints, a condition with 
which his name has become inexorably linked and 
the phrase ‘kissing spinouses’ has been coined 
(Baastrup, 1933) (see Figure 13-4). 

Imaging features 

Various associations have been recorded including 
hyperlordosis fswayback’), degenerative spondylolis- 
thesis, loss of disc space, advancing age, as well as 
congenital and acquired enlargement of the spinous 
processes (Jacobsen et a [ 1958 ; Cashley and Hey- 

man, 1984; Resnick, 1985; Sartoris et al., 1985). 
Conventional radiography 

On the frontal radiograph are seen the matching 
opposed cortices of the involved spinous processes 
exhibiting sclerosis, occasional cysts and osteophytes 
(Sandoz, I960; Kattan and Pais, 1981; Resnick, 1985) 
(Figure 18.4). On lateral views in extension the 
spinous processes can be demonstrated to impact on 
each other (Resnick, 1985). 

Three morphological types of interspinous neoar- 
throses are recognized: flat: the opposing surfaces lie 
in a predominantly horizontal plane; concave-con- 
vex: the contact surfaces are curved in a reciprocal, 
interlocking manner; and oblique, the plane is sloped 
away from the midline (Sandoz, I960). 

Magnetic resonance imaging 

The supraspinous and interspinous ligaments may 
appear disrupted and exhibit irregular margins, and 
bursal cavities which contain fat may also be identi- 
fied (Grenier et al., 1987a). Sclerosis at the sites of 
impact on the spinous processes shows diminished 
signal. 


Costotransverse arthropathy 

Pain may be referred from the lower costal joints to 
the low lumbar spine (thoracolumbar syndrome, 
Maigne’s syndrome) (Proctor et al., 1985; Dreyfus et 
al., 1994). These articulations have also been impli- 
cated in epigastric pain production, simulating upper 
gastrointestinal disease (Robert's syndrome) and 
other visceral conditions including pancreatitis and 
dissecting aortic aneurysm (Robert, 1980; Richards, 
1987; Benhamou et al., 1993). The most common 
levels are at T10-T1 1, though between T8 and T12 
may be affected (Malmivaara et al., 1987). 
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Figure 18.3 Synovial cyst, L3-L4. A. Computed tomog- 
raphy. A soft tissue density is seen to lie within the neural 
foramen (arrows). There is obliteration of the epidural fat 
and exiting nerve root. B. Magnetic resonance imaging, T2 
weighted. A peripheral rim of decreased signal is apparent 
while the internal high signal of the lesion signifies its fluid 
content (large arrows). The thecal sac is compressed (small 
arrow) and the laterally displaced exiting nerve root 
identified (curved arrow). This bilobed dumb-bell-shaped 
mass lying dorsally in an extradural location is characteristic 
of a synovial cyst. The demonstration on MR imaging of its 
high fluid content confirms the diagnosis and strongly 
suggests the presence of haemorrhage. (Courtesy of Ken- 
neth B. Heithoff MD, Minneapolis, USA.) 



Figure 18.4 Baastrup's disease, L4-L5. Pseudoarthroses are 
apparent between the L4-L5 spinous processes (arrows). 
Note how the opposing spinous processes exhibit smooth, 
concave - convex cortical surfaces. The significance of the 
condition is probably overestimated. The most common 
level of involvement is the L4-L5 level. Three morphological 
types of interspinous neoarthroses are recognized; flat, 
concave -convex and oblique. (Courtesy of James R. Brandt 
DC, FACO, Minneapolis, USA.) 


Imaging features 

Conventional radiography 

Frontal radiographs exhibit predominantly osteo- 
phytes at the joint margin in addition to sclerosis and 
articular narrowing (Benhamou et al., 1993; Rowe 
and Yochum, 1996d). 


Computed tomography 

Such changes can also be demonstrated on axial CT 
images. Osteophytes, sclerosis, narrowing and fusion 
are dearly seen (Benhamou et al., 1993). 

Nuclear medicine 

Focal tracer uptake (‘hot spot') can be observed at 
these degenerative joints but is not an indicator of a 
symptomatic correlation (Benhamou et al., 1993). 


Intervertebral disc syndromes 


Degenerative disc disease 

Degenerative disc disease (DDD) is the most common 
pathology of the adult lumbar spine. The clinical 
significance for DDD is often indeterminate since at 
least 30-50% of asymptomatic lumbar spines demon- 
strate degenerative changes (Torgenson and Dotter, 
1976;Wiesel et al. , 1984;Jensen et al., 1994). Even in 
children under 15 years of age, 25% may have MRI 
evidence of DDD (Terrti et al., 1991) 


Table 18.6 Imaging findings in 
degenerative disc disease 


Conventional radiography 
loss of disc height 
osteophytes 
vacuum phenomenon 
calcification 

annular, nuclear 

hemispherical spondylosclerosis 

subluxation 

facet arthropathy 

Computed tomography 
disc bulge 
calcification 
vacuum phenomenon 
disc, canal 
osteophytes 

anterior, lateral, posterior 
canal stenosis 
central, lateral 

Magnetic resonance imaging 
disc bulge 
reduced disc signal 
anular changes 
infolding, tears 
end-plate signal changes 
type I-1II 

vacuum phenomenon 
calcification 
canal stenosis 
central, lateral 
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The pathophysiology of disc degeneration remains 
controversial. Anular tears, nuclear degradation and 
dessication, end-plate, bone marrow and ligamentous 
changes constitute the pathological basis for imaging 
findings (Ostrum et al ., 1993; Natarajan et al ., 1994) 
(Table 18.6). 

Imaging features 

Conventional radiography 

The cardinal signs include loss of disc height, osteo- 
phytes, vacuum phenomenon, end-plate sclerosis, 
calcification and subluxation of paired facet surfaces 
(Rowe, 1989, 1996) (Figure 18.5) (see anatomical and 
histological examples: Figures 4.9 and 4.12, 4.17, 
4.18, 4.22, 4.23, 6.5, 6.17). 

Loss of disc height 

A reduced L5 disc height in the abscence of 
osteophytes, vacuum phenomenon or end-plate scle- 
rosis is most likely developmentally small, rather than 


degenerative in nature such as with a lumbosacral 
transitional segment (lumbarization, sacralization). 
Loss of disc height is only a weak indicator of a pain 
producing level (Frymoyer et al., 1984). 

Osteophytes 

Two basic morphological forms are described, claw’ 
and ‘traction’, though intermediate conformations are 
found (Resnick, 1985). At least 75% of osteophytes 
coexist with a narrow disc height (Pate et al., 
1988). 

Claw osteophytes are characterized by their trian- 
gular shape; a broad base with the distal tip curving 
vertically. These occur four times more commonly 
than other osteophytes, increase in frequency with 
age over 60 years, originate with equal frequency 
from the superior and inferior end-plates, and are 
evenly distributed throughout the lumbar spine (Pate 
et al., 1988). 

Traction osteophytes are thinner, originate 1-2 mm 
beyond the vertebral body margin, and project 
horizontally. These are more common under the age of 



Figure 18.5 Degenerative disc disease, L5-S1. The disc space is narrowed in association with a vacuum phenomenon 
(arrow). An anterior traction osteophyte is present and retrolisthesis. These are the cardinal features of degenerative disc 
disease. The presence of intradiscal gas signifies the presence of fissures (degeneration), that physiological motion is still 
present and excludes infection as a cause for the diminution in disc height. 
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60 years with close to 70% arising from the superior 
end-plate between L3 and L5. It is the traction variety 
which is implicated as a sign of instability (Macnab, 
1971; Dupuis et al., 1985). Discography shows a 
marked correlation between loss in disc height and 
disc disruption with these osteophytes, though this 
does not correlate with the level of symptomatic disc 
pathology (Frymoyer, 1991) 



B 


Figure 18.6 Posterior vertebral body osteophytes ( unci- 
nate spurs'). A. Axial CT, bone window. A single posterior 
osteophyte is visible (arrow). B. Three-dimensional CT 
reconstruction. Graphic demonstration of the posterior 
osteophyte entering into the intervertebral foramen. Note 
its hook-like orientation extending upward to encroach 
directly onto the exiting nerve root (arrow). Posterior 
osteophytes are relatively uncommon in comparison to 
anterior and lateral osteophytes. Three-dimensional CT can 
be of considerable assistance in understanding the spatial 
relationships of structures affected by such abnormalities. 
(Courtesy of Kenneth B. Heithoff MD, Minneapolis, USA.) 


Posterior body osteophyte formation is infrequent 
in the lumbar spine due to a less adherent posterior 
longitudinal ligament and anulus ftbrosus (Eisenstein, 
1977; Schmorl and Junghanns, 1971; Rowe, 1989). 
These have been referred to as uncinate spurs’ due to 
the analogous location of similar posterolateral osteo- 
phytes in the cervical spine (Dupuis et al., 1985) 
(Figure 18.6). 

Vacuum phenomenon 

Collections of nitrogen gas, derived from sub-end 
plate tissues, can migrate into nuclear and anular 
fissures within a degenerative disc, producing a 
distinctive radiolucency referred to as the vacuum 
phenomenon (of Knuttson)’ (Rowe, 1989). From 1 to 
20% of the general population may exhibit this 
radiographic feature. The sign can be precipitated by 
hyperextension and abolished by flexion (Goobar et 
al., 1987). Central vacuum phenomena correspond 
to Assuring of the nucleus pulposus, while peripheral 
lesions represent rim lesions where the anulus 
fibrosus has been disrupted from its attachment to 
the vertebral body margin (Resnick et al. 1981). 

End-plate sclerosis 

Two forms occur; localized and generalized. The local 
form characteristically lies on the anterior corner of a 
vertebral body immediately beneath an osteophyte. 
The more generalized form extends at least over two- 
thirds of the end-plate, beginning from the anterior 
vertebral surface, and is referred to as ‘hemispherical 
spondylosclerosis’ (HSS) (Dihlmann, 1981; Rowe and 
Yochum, 1988b) This most commonly involves the 
inferior end-plate of L4, exhibits a convex upper 
margin, and is homogenously sclerotic. The disc 
below is often narrowed with an anterior traction 
osteophyte commonly visible. 

Subluxation 

Vertebral displacement associated with disc degener- 
ation is most commonly in a posterior direction 
(retrolisthesis, retrosubluxation, retroposition) and 
less often laterally (lateralisthesis). Anterolisthesis 
usually indicates facet arthropathy (degenerative 
spondylolisthesis). 

Retroposition occurs due to the posterior orienta- 
tion of the facet planes which draws the vertebra 
above posteriorly as disc height decreases (Smith, 
1934; Fletcher, 1947; Resnick, 1985). (See histo- 
logical example: Figure 6.5.) Other causes for retro- 
listhesis include disc infection, neoplasms and the 
level above spondylolisthesis (Haglestom, 1947; Hen- 
son, 1988). Retrolisthesis most commonly occurs at 
L5-S1 followed by L1-L2 and L2-L3. The average 
displacement is 3-9 mm. Anatomical variation of the 
lumbosacral junction where the sacrum is reduced in 
its sagittal dimension compared to that of the fifth 
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lumbar, may account for up to two-thirds of these 
observed lumbosacral retropositions (Willis, 1935). 
Technical factors such as patient rotation and lateral 
flexion can simulate retrolisthesis, as do anatomical 
variations such as nuclear impressions (Melamed and 
Ansfield, 1947; Rowe, 1989). The majority of retro- 
positions are asymptomatic, though such a subluxa- 
tion tends to displace nerve roots cranially and 
predispose to lateral entrapment from the superior 
facet from the segment below (Johnson, 1934). 

Calcification 

Calcification within a degenerative disc is character- 
istically hydroxyapatite (Rowe and Yochum, 1996d). 
This may lie within the anulus fibrosus or nucleus 
pulposus, with or without an associated disc hernia- 
tion. 

Anular calcification is the most common form and 
usually involves the outer anterior anular fibres 
(Schmorl and Junghanns, 1971). The radiographic 
appearance of anular calcification is distinctively 
located at the disc periphery as a thin, curvilinear 
density arching between two vertebral bodies. 

Nucleus pulposus calcification will be visible as a 
homogenous round to oval radiopacity located cen- 
trally, but slightly posterior, in the disc space, 
simulating the appearance seen on a normal disco- 
gram. Histopathological examination reveals the cal- 
cium to be deposited within crevices of the nucleus 
pulposus (Schmorl and Junghanns, 1971). 

Computed tomography 

Signs of DDD on CT parallel those seen in plain films 

Osteophytes These are clearly seen on bone windows 
near the discovertebral junction as circumferential 
irregular bony excrescences. Claw osteophytes charac- 
teristically extend from a large part of the vertebral 
body. Posterior osteophyes extending into the inter- 
vertebral foramen (‘uncinate spurs') are easily over- 
looked on axial images and are seen to advantage on 
sagittal re-constructions and 3D images (Figure 18.6B). 

Vacuum phenomenon Nitrogen gas accumulations 
are readily identified as radiolucent foci within the 
disc. Gas may also lie within a herniated disc and 
contribute to the space occupying effect of the lesion 
(Mortenson eta/., 1991). Gas within the spinal canal, 
without herniation, is a relatively uncommon finding 
and is indicative of disruption of the posterior anulus 
(Orrison and Lilleas, 1982). Disc infections other than 
rare peptococcus organisms do not demonstrate this 
sign due to fluid collections in the fissures (Resnick et 
a /., 1981; Rowe, 1988a). 

Disc bulge A consistent feature is circumferential 
bulging of the disc, beyond the vertebral bodies, 
which exhibits a convex posterior margin (Williams 


et al., 1982). Additional features include vacuum 
phenomenon, osteophytes and annular calcification. 

Calcification Deposition of calcium can be identi- 
fied within the nucleus pulposus, anulus fibrosus, 
ligamentum flavum or posterior longitudinal liga- 
ment, as well as other pathological conditions such as 
arachnoiditis ossificans. A higher incidence of calcifi- 
cation is found within herniated discs treated with 
epidural steroids (Manelfe, 1992). 

F.nd-plate changes Sclerosis is identified as increased 
density which may extend right across the end-plate or 
exist as a localized change often maximal near an 
osteophyte. Irregularity of the end-plate surface is 
common and can be due to Schmorl’s nodes (see 
Figure 4.5) which may contain vacuum phenomena. 

Stenosis Encroachment of the spinal canals by 
osteophytes or soft tissue thickening is well seen on 
axial and sagittal reconstruction views. 

Magnetic resonance imaging 

The sensitivity of MR] in spinal imaging renders disc 
changes highly visible, though calcified tissue, gas 
and osteophytes are not well seen. 

Reduced signal 

Diminished signal intensity of the internal disc 
substance due to dehydration is the cardinal MRI sign 
of DDD (Modic et al., 1994). Initially, this may be only 
slight but progresses in parallel with dessication 
(Tertti et al., 1991). Loss of the normal horizontal low 
signal mid discal cleft is the earliest MRI sign of 
dehydration (Aguila et al., 1985). With progressive 
dehydration, there is homogenous loss of disc signal 
best demonstrated on T2-weighted MRI sagittal 
images (Manelfe, 1992). 

Vacuum phenomenon 

A signal void occupies the vacuum site (Modic et al., 
1994). Gas collections as small as 0.1 ml can be 
detected (Berns et al., 1991). MRI is not as sensitive 
in detecting intradiscal anatomy as plain films and CT 
(Grenier et al., 1987b). 

Anular infolding 

With early dehydration, the innermost fibres of the 
outer anulus collapse centrally toward the inner 
nuclear complex (Scheibler et al., 1991) (see histo- 
logical example: Figure 4.18). 

Anular tears 

This can be seen in two forms: disruption in the 
continuity of the anular fibres and a focal high intensity 
zone (HIZ) (Manelfe, 1992). The HIZ has attracted 
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Table 18.7 Vertebral marrow changes in degenerative disc disease on MRS examination 



T 1 -weighted 

T2-weighted 

Marrow status 

Significance 

Type 1 

Low (Black) 

High (White) 

Fibrovascular 

Back pain, hypermobility 

Type 2 

High (White) 

High (White) 

Fatty 

Stability 

Type 3 

Low (Black) 

Low (Black) 

Fibrovascular 

Back pain, hypermobility 


considerable attention as it is considered by many to 
represent an area of inflammation from a tear within 
the pain sensitive outer anulus (internal disc disrup- 
tion) (Yu etal., 1988a; Aprill and Bogduk, 1992). 

End-plate changes 

Vertebral bone marrow changes are extremely com- 
mon findings in concert with degenerative disc 
disease (de Roos et al., 1987). Three patterns are 
recognized -Types 1 , 2 and 3 (Modic et al., 1988a, b). 



Figure 18.7 Degenerative dise disease, hypervaseular mar- 
row changes. On this sagittal Tl-weighted image there is 
marked reduced signal of both end-plates (arrows). There is 
also anterior disc herniation (arrowhead). Low signal of the 
end-plates on T1 can correlate with inflammatory marrow 
and a higher incidence of back pain and segmental 
hypermobility. (Courtesy of Constance Gould DC, Pie- 
termaritzburg, South Africa.) 


Type 1 end-plate changes show decreased intensity 
onTl-weighted images and increased signal intensity 
on T2-weighted images (white -black). Type 2 end- 
plate changes show increased intensity onTl-weigh- 
ted images and increased or isotintense signal inten- 
sity on T2-weighted images (white -white). Type 3 
end-plate changes show decreased intensity on 
Tl-weighted images and decreased signal intensity on 
T2-weighted images (black -black) (Table 18.7). 

Low signal of the end-plates on T1 correlates with 
inflammatory marrow and a higher incidence of back 
pain and segmental hypermobility (Toyone et al., 
1994) (Figure 18.7). Conversely, high signal on T1 
denotes the presence of fatty marrow as a sign of 
intersegmental stability, a useful sign in determining 
successful fusion (Lang et al., 1990) (Figure 18.8). 
Type 1 changes tend to progress to Type 2 over time 
(hypervaseular to fatty), whereasType 2 remain stable 
(fatty) (Modic et al., 1988a,b). 

Bulging intervertebral disc 

The phenomenon of a bulging intervertebral disc is a 
common imaging finding in the lumbar spine, usually of 
indeterminate significance (Boden et al., 1990; Jensen 
et al., 1994). In asymptomatic individuals between 20 
and 39 years of age up to 35% and virtually 100% over 
age 60 years, will have at least one disc bulging on MR1 
(Wieselefa/., 1984;Jensen et al., 1994). When found in 
tandem with facet arthrosis a disc bulge contributes to 
both central and lateral stenosis. 

Various terms include degenerative disc bulge, disc 
bulge, and non-herniating (self-contained) discal 
degeneration. The underlying pathology is loss of disc 
turgor due to degenerative changes within the 
nucleus producing concentric outward bulging of the 
anulus beyond the margin of the adjacent vertebral 
bodies (Williams et al., 1982). Only 50% of all 
degenerative discs bulge. (Boden and Wiesel, 1990). 

Imaging features 

Conventional radiograploy 

Plain films are frequently normal except for occa- 
sional loss of disc height, early osteophyte formation 
and a vacuum phenomenon. If the anulus calcifies the 
outline of the bulging disc may be seen. 
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Figure 18.8 Degenerative disc disease, fatty marrow chan- 
ges. A. Plain film. Observe the loss of disc height at the 
L5-S1 interspace and retrolisthesis. Small anterior osteo- 
phytes are present (arrows). There is evidence of hemi- 
spherical spondylosclerosis extending from the anteroinfer- 
ior margin of the L5 end-plate (arrowheads). B. Magnetic 
resonance imaging, Tl-wcighted image. The area corre- 
sponding to the plain film L5 vertebraJ body sclerosis shows 
high signal with a similar change within the sacral base 
(arrowheads). The degenerative intervertebral disc lacks 
signal, consistent with dehydration These are characteristic 
findings of degenerative disc disease. The high signal onTl 
characterizes a fatty marrow replacement usually associated 
with a more clinially stable situation. 


Computed tomography 

CT demonstrates the bulging disc margin extending 
beyond the adjacent vertebral bodies creating a 
convex posterior disc margin (Williams et al., 1982) 
(Figure 18.9). Typically there is no associated hernia- 
tion. A bulge of more than 2.5 mm indicates tears are 
present within the anulus (Yu et al., 1988b). A 


vacuum phenomenon is a common finding. Bulging 
discs are often asymmetrical with scoliosis. 

Magnetic resonance imaging 

MRJ depicts a diminished signal of the intervertebral 
disc space especially on T2-weighted images (Cotier, 
1992). The convex contour of the bulging anulus is 
demonstrated and its integrity confirmed (Figure 
18.10). 

Internal disc disruption 

Internal disc disruption (1DD) is a disorder charac- 
terized by tears of the anulus fibrosus which initiate a 
marked inflammatory reaction. The external shape is 
normal and there is no nerve compression. It was first 
alluded to by Dandy in 1941 who referred to 
concealed ruptured intervetebral discs’ as the cause 
for back pain when a disc protrusion could not be 
demonstrated (Dandy, 1941). The entity was named, 
described and introduced by Crock (Crock, 1970). He 



Figure 18.9 Bulging intervertebral disc, computed tomography. Observe the diffuse circumferential disc bulging (arrows). 
The posterior disc margin is characteristically convex (arrowhead). The phenomenon of a bulging intervertebral disc is a 
common imaging finding often of indeterminate significance. Up to 35% of 20-39 year olds, and virtually 100% over age 60 
years, will have at least one disc bulging on MRI. When found in tandem with facet arthrosis a disc bulge contributes to both 
central and lateral stenosis. 
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Figure 18.10 Degenerative disc disease L4-L5 and 15 -SI, 
MRI. Diminished signal intensity of the internal disc 
substance due to dehydration can be seen at two levels 
(arrows). The L4-I.5 disc exhibits posterior anular bulging 
(arrowhead). Compare this with the normal appearance at 
L3-L4. MRJ is extremely sensitive in the depiction of disc 
degeneration. Up to 30% of asymptomatic lumbar spines 
will have disc abnormalities such as dehydration, bulging 
and herniation demonstrated on MRJ, while CT can show 
the same abnormalities in around 35-50%. 


identified a subset of low back and leg pain patients 
who, following spinal trauma, became incapacitated 
with pain and constitutional symptoms including 
malaise, lack of energy, depression and loss of weight 
(Crock, 1983, 1986, 1993). 

The pathophysiology revolves around tears extend- 
ing from the inner anulus to the pain sensitive outer 
anulus. Tears may be circumferential (Type 1), radial 
(Type 2), and disrupted from its attachment (Type 3) 
(Yu et al., 1988a). This is postulated to initiate a 
strong autoimmune reaction resulting in progressive 
degradation of the disc (Crock, 1986; Gronblad et al., 
1994). Approximately 50% involve the L5 disc, 30% 
the L4 disc and 15% the L3 and L2 discs (Blumenthal 
et al., 1988), 

Imaging features 

Findings are characteristically lacking on most 
modalities (Crock, 1970, 1991, 1993). Conventional 


radiographs, CT scan and myelograms all will appear 
normal. A traction osteophyte may occasionally be 
seen (Macnab, 1971). A peripherally placed vacuum 
phenomenon seen on CT may lie within an anular 
tear, a vacuum within the spinal canal denotes a 
communicating tear through the outer anulus (Orri- 
son and Lilleas, 1982). 

Computed tomography-discography 

Combining CT with a discogram (CTD) can demon- 
strate internal tears which have been graded accord- 
ing to how far they extended peripherally (Vanhar- 
anta et al., 1987) (Figure 18.11). Grade 0 are 
restricted to the nucleus pulposus; Grade 1 extend 
into the inner third of the anulus fibrosus; Grade 2 
involve the middle third, and; Grade 3 continue into 
the outer one-third. Up to 70% of Grade 3 tears are 
symptomatic, correlating with the innervated anular 
component, while Grades 0 and 1 exist largely 
without clinical manifestations (Sachs et al., 1987). 
Discography may be the imaging procedure of 
choice in 1DD when MRI is normal but back pain 
remains unexplained and surgery is being contem- 
plated (Colhoun et al., 1988; Brightbill et al., 
1994). 

Magnetic resonance imaging 

MRI has demonstrated anular disruptions. These may 
be radial, circumferential or detachments at their 
insertions (rim lesions) (Yu et al., 1988a, 1989). 
Localized anular tears can be identified on T2-weigh- 
ted and proton density images as a high intensity 
zone (HIZ) (Aprill and Bogduk, 1992). Injection of 
gadolinium will identify these tears more readily 
(Ross et al., 1989; Heithoff and Amster, 1990). The 
HIZ has attracted considerable attention as it is 
considered by many to represent an area of inflamma- 
tion from a tear within the pain sensitive outer anulus 
(internal disc disruption) (Yu et al., 1988b; Aprill and 
Bogduk, 1992). Despite these observed changes MRI 
of 1DD has not been reliable in predicting sympto- 
matic discs in comparison with discography (Sim- 
mons et al., 1991; Osti et al., 1992; Brightbill et al., 
1994). 


Isolated disc resorption 

The phenomenon of progressive loss of a single disc 
space over a number of years characterizes the lesion. 
It was first alluded to in 1932 by Williams and named 
in 1970 by Crock (Williams, 1932; Crock, 1970). The 
most common level is the L5 disc, occasionally L4 and 
rarely L3 (Crock, 1983) It is most likely due to an 
initial end-plate fracture or anular tear which begins a 
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Figure 18.11 Internal disc disruption 1.4 -1.5, CT-discogra m. Contrast has been placed into the nucleus 
pulposus (N) which has tracked posteriorly along a central radial tear (arrows) into circumferential 
tears of the peripheral anulus (arrowheads) There is no disc herniation present. Characteristically, 
without discogram the CT scan will appear normal. MRJ may demonstrate a high signal intensity zone 
within the peripheral anulus. (Courtesy of Kenneth B. Heithoff MD, Minneapolis, USA.) 


cascade of degenerative processes mediated largely 
by an aggressive immune system response (Venner 
and Crock, 1981; Crock, 1986). 

Imaging features 

Conventional radiography 

The imaging findings consist of a diminished disc 
height, end-plate sclerosis, minimal osteophyte for- 
mation, vacuum phenomenon, and retrolisthesis. 


Computed tomography 

Evidence for minimal disc bulging, small peripheral 
osteophytes and vacuum phenomenon are the most 
consistent features. 

Magnetic resonance imaging 

Signs of dehydration may be the only sign with loss of 
height and low signal intensity. Marrow changes 
within the sub-end-plate zone are Modic type 2 (T1 
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white -T2 white), usually signifying stability due to 
fatty infiltration. Narrowing of the lateral canal may 
be observed. 


Disc herniation 

Nomenclature for disc disease is confusing and non- 
uniform (Yussen and Swartz, 1993) In this discussion 
the term 'herniation' means a movement of the 
nucleus pulposus material through the anulus fibro- 
sus. Herniations are rare under the age of 20 and over 
age 65 with the peak age around 42 years (Weber, 
1993). Approximately 47% of disc herniations occur 
at L4-L5, 43% at L5-S1, 7% at L3-L4, and 3% or less 
at L1-L2 or L2-L3 (Crock, 1986; Lukin et al ., 1988). 
Herniations occur posteriorly (56%), anteriorly (30%) 
and vertically into the vertebral bodies (14%) Oinkins 
et al., 1989). In posterior herniations approximately 
60% are posterolateral, 30% central and 10% lateral 
(Lukin et al., 1988). Asymptomatic disc herniations as 
high as 30-40% can be demonstrated by myelog- 
raphy, discography, CT and MRI (Wiesel et al., 1984; 
Boden et al., 1990; Jensen et al., 1994). 

Imaging features 

Intervertebral disc herniations exhibit a number of 
imaging features (Table 18.8). 


Table 18.8 Imaging findings for lumbar 
disc herniation 


Conventional radiography 
antalgic scoliosis 
lateral flexion inhibition 
disc calcification in the canal 

Myelography 

extradural filling defect 
non-filling of nerve root sheath 
elevation of nerve root sheath 

Discography 

extravasation of contrast from anulus 

Computed tomography 

deformity of the posterior disc margin 
mass soft tissue lesion 
displacement of epidural fat 
deformity of the thecal sac 
deformity of nerve roots 
calcification of the disc 
intraspinal vacuum phenomenon 

Magnetic resonance imaging 
deformity of the posterior disc margin 
mass soft tissue lesion 
displacement of epidural fat 
deformity of the thecal sac 
deformity of nerve roots 
gadolinium enhancing nerve root 
calcification of the disc 
intraspinal vacuum phenomenon 


Conventional radiography 

Plain film radiography has generally little value in 
the detection of the presence, level and direction 
for lumbar disc herniation (Lukin et al., 1988; 
Holtas, 1993). It is however a useful, cost-effective 
first line modality to identify anomalies and other 
bony abnormalities. 

Calcification within a herniated disc is seen in less 
than 10% of cases on the lateral film (Smith, 1976; 
Rowe, 1988c). Additional features include loss of the 
lumbar lordosis, antalgic scoliosis with little inter- 
segmental rotation above the herniation, and for- 
ward flexion of the segment above. On lateral 
flexion, there is a failure of the segment above the 
herniation to laterally flex ('lateral bending sign) 
(Weitz, 1981). 


Myelography 

Signs for disc herniation include a sharp, extradural 
impression adjacent to a disc space either ventrally or 
from one side. Non-visualization and/or elevation of a 
nerve root sleeve, and a displaced and swollen nerve 
root, are additional features (Figure 18.12). A major 
pitfall in missed disc herniations is at the L5-S1 level 
where the space between the disc and thecal sac may 
be large (Lukin et al., 1988). When MRI is available, 
myelography should not be performed 


Discography 

This provides a morphological and functional assess- 
ment. Combination with CT allows the recognition of 
the nature and location of anular tears with periph- 
eral extensions more likely to be symptomatic (Sachs 
et al., 1987; Vanharanta et al., 1987; Greenspan, 
1993). Provocation of pain assists in isolating an 
offending disc level, though there is a false positive 
rate of around 30% (Greenspan, 1993) 


Computed tomography 

Axial images graphically demonstrate disc hernia- 
tions. Combining CT with myelography improves the 
diagnostic accuracy for identifying and quantifying 
thecal sac and nerve root compression (Lukin et al., 
1988; Yussen and Swartz, 1993) In post-surgical 
patients the differentiation between recurrent disc 
herniation and epidural fibrosis can be assisted by 
rapid infusion of contrast with the fibrosis uniformly 
enhancing (Schubiger and Valavanis, 1982). 

CT signs for disc herniation include deformity of 
the posterior border of the disc, a protruding soft 
tissue mass, altered epidural fat visibility and location, 
neural element changes, vacuum phenomena, and 
calcification (Williams et al., 1980) (Figure 18.12). 


Copyrighted Material 



Imaging of mechanical and degenerative syndromes of the lumbar spine 299 



A 


Figure 18.12 Intervertebral disc herniation L5-S1. A. 
Myelogram. On this frontal view the myelographic column 
appears largely normal, though the L5 nerve root on the 
right is elevated and displaced laterally (arrow). B. Com- 
puted tomography. On axial imaging the herniation is clearly 
evident as a focal convexity in the posterior disc margin 
(arrow). Note the asymmetry in the appearance of the 
epidural fat and SI nerve roots. Myelograms should be used 
sparingly in the diagnosis of disc herniation. CT graphically 
demonstrates disc herniation as deformity of the posterior 
border of the disc, a protruding soft tissue mass, altered 
epidural fat visibility and location, neural element changes, 
vacuum phenomena and calcification. (Courtesy of Michael 
P. Buna DC, Victoria, Canada.) 
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Deformity of the posterior border of the disc 

Normally the posterior discal surface is slightly 
concave or straight. The L5-S1 disc is occasionally 
convex as a normal variant. In herniation there is a 
distinct alteration of this border which is convex 
and may be short based (focal) or broad based 
(diffuse). 

Soft tissue mass 

The attenuation value of a herniated disc (50-100 
HU) is twice that of the thecal sac, though a large 
central herniation may be isodense and readily 
overlooked. Large herniations frequently migrate 
beneath the posterior longitudinal ligament (sub- 
ligamentous) above or below the disc of origin (see 
anatomical example: Figure 4.10). 

Epidural fat 

Bilateral symmetry of these tissues is striking on soft 
tissue windows. Three distinct areas can be seen; one 
posteriorly beneath the spinolaminar junction and 
one on each side at the lateral canal surrounding the 
exiting nerve root and adjacent thecal sac (see 
histological example: Figure 3.14). Asymmetry of the 
epidural fat is a reliable radiological marker of 
intraspinal disease which, in disc herniation, may be 
obliterated or displaced (see histological example: 
Figure 5.23). 

Neural element changes 

Individual nerve roots can be displaced, obliterated, 
flattened or enlarged. Alterations in the surrounding 
epidural fat may be the only clue to nerve root 
involvement. The thecal sac similarly can be displaced 
or altered in its shape. The ventral surface usually is 
separated by epidural fat from the disc margin with 
the contour of the disc -sac interface reflecting the 
status of the posterior disc-integrity. Disc hernia- 
tions, if large enough, contact the thecal sac causing 
a concave indentation on its ventral surface (see 
histological example: Figure 4.11). 

Calcification 

In about 10% of cases, calcium can be seen within a 
disc herniation (Rowe, 1988c). Typically the pattern 
is focal, tending to lie toward the outer aspect of the 
herniation and may bridge to attach to the adjacent 
vertebral rim. Such calcification is usually a sign of a 
long-standing herniation Furthermore, patients trea- 
ted with epidural steroid injections may develop 
calcification in disc herniations (Manelfe, 1992). 

Vacuum phenomenon 

Gas may lie within a herniated disc and contribute to 
the space occupying effect of the lesion (Mortenson 


et al., 1991). Occasionally, gas may also be present 
within the central canal signifying the presence of a 
communicating anular tear. 

Magnetic resonance imaging 

Some investigators advocate MRI as the initial method 
of choice in cases of suspected disc herniation as it is 
superior to all other imaging modalities (Takahashi et 
al ., 1993;Yussen and Swartz, 1993). Features include 
demonstration of the displaced mass, altered epidural 
fat, and deformed and displaced neural elements 
(Figure 18.13). It is extremely useful in the differ- 
ential diagnosis of intraspinal pathology. Post-surgical 
fibrosis can be accurately identified in almost 90% of 
cases by its poor margination, no mass effect, an 
intermediate signal on Tl, and high signal on 
T2-weighted images and homogenous enhancement 
with gadolinium (Bundschuh et al., 1988). 

Mass 

The majority of herniated fragments exhibit high 
signal on T2-weighted images (Czervionke, 1993). 
With time there may be a gradual loss of this high 
signal. On Tl-weighted sagittal images the nuclear 
herniation is seen dearly contiguous between the 
disc of origin extending through a narrow neck at the 
normal disc margin and then expanding into the 
herniated component (‘squeezed toothpaste sign’) 
(Lukin et al., 1988) 

Epidural fat 

Tl -weighted images show these structures clearly as 
triangular zones of high signal surrounding the 
exiting nerve roots and thecal sac. Where there is a 
paucity of epidural fat, proton density images are the 
method of choice for demonstration (Czervionke, 
1993). 

Neural element changes 

These are best seen on Tl-weighted images. An 
individual nerve root may be displaced, flattened, 
enlarged and of higher signal intensity in response to 


Figure 18.13 Intervetebral disc herniation 1.5 -SI A. Sagit- 
tal Tl weighted image. Herniation of the LS -SI nucleus 
pulposus is dramatically demonstrated (arrow). The 1.4 disc 
demonstrates a degenerative disc bulge (arrowhead). B 
Axial Tl-weighted image. A left-sided paracentral herniation 
is present (arrow) which has created asymmetry to the 
appearance of the signal intense (white) epidural fat and 
impinged on the thecal sac. Epidural fat is prominent in this 
region and accounts for the false negative results from 
myelography, since no contact is made with the thecal sac 
unless there is a very large disc herniation MR] is extremely 
useful in the differential diagnosis of intraspinal pathology. 
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a herniation (Czervionke, 1993). Nerve root enhance- 
ment after the administration of gadolinium reflects 
breakdown of the blood -nerve barrier, a sign of 
nerve inflammation (Jinkins et al ., 1993). The thecal 
sac contour may be altered (effacement) on its ventral 
surface. 

Calcification 

A low signal within a herniated disc may signify 
calcification or a signal void from a collection of 
gas. 

Free fragment disc herniation 

A herniation which has disrupted the outer anulus 
may break away from its point of origin and move 
relatively freely within the epidural space. Synonyms 
include sequestration and sequestered or migrated 
fragment. 

Once separated, the isolated fragment may move 
beneath the posterior longitudinal ligament (sub- 
ligamentous) in a caudad or cephalad direction 
(dissection). If fragments lodge within the lateral 
canal the foramen may enlarge with time (Castillo, 
1991). Occasional penetration of the posterior longi- 
tudinal ligament (transligamentous) results in a frag- 
ment either side of the ligament ( double fragment' 
sign) (Czervionke, 1993). Rare intradural penetra- 
tions occur and can be detected on MR1 as soft tissue 
masses within the thecal sac (Czervionke, 1993). 
Embolization into the anterior spinal artery may 
infarct the cord, most commonly the conus (Toro et 
al., 1994). 

Imaging features 

The same features for disc herniation may be observed 
on conventional radiographs and myelography. 

Computed tomography 

In non-sequential scanning techniques, free fragment 
herniations are readily overlooked. The disc of origin 
may show herniation or be relatively normal. The 
fragment lies 15 - 30 mm away from the disc within the 
spinal canal, lateral recess or intervertebral foramen. It 
characteristically gets larger in images away from the 
disc of origin and rarely midline due to a dividing 
septum connecting the vertebral body with the 
posterior longitudinal ligament (Schellinger et al., 
1990). It may be the same density as the disc or 
infrequently contains calcium. Its margins are usually 
irregular or polypoid (Williams et al., 1980). At least 
50% of fragments are separated from the disc of origin 
by epidural fat. A thin rim of enhancement with the 
administration of intravenous contrast due to encase- 
ment by ligament is rare (Witzmann et al., 1991). 


Magnetic resonance imaging 

MR] is the method of choice in the detection of a 
migrated (sequestered) disc fragment (Jink-ins et al., 
1993) MRI reveals a disc fragment remote from an 
adjacent disc with the optimum demonstration on 
sagittal MR images. Free fragments are rarely midline. 
The fragment may be hyperintense on T2-weighted 
images (Glickstein et al., 1989). Gadolinium 
enhanced MRI frequently shows peripheral enhance- 
ment of the fragment due to a covering of granulation 
tissue (Yamashita et al., 1994). 


Posterior limbus bone 

Herniation of the intervertebral disc into the pos 
terior surface of the vertebral end-plate (Schmorl’s 
node) may result in displacement of a discal bone 
fragment into the spinal canal which can produce 
nerve compression (Laredo et al., 1986; Epstein and 
Epstein, 1991). This has been variously termed 
posterior limbus bone, posterior marginal intra- 
osseous node, paradiscal defect, dislocated ring 
epiphysis, discovertebral rim lesion, apophysial ring 
fracture, and persistent epiphysis’ (Goldman, 1990; 
Thiel et al., 1992). 

This most commonly involves adolescent and 
young adult males up to a ratio of 4:1, involves the 
posterior inferior end-plate of L4, has an associated 
history of trauma in around 10% of cases, and is often 
asymptomatic. 

Imaging features 

Conventional radiography 

The lateral film is the most diagnostic where at the 
posterior body corner is seen a deflected flake of 
bone angling posteriorly into the spinal canal 
(Figure 18.14). A localized SchmorPs node may be 
determined beneath the bony fragment and the disc 
may be slightly narrowed (Laredo et al., 1986; 
Gomori et al., 1991). The plain film, however, may 
appear normal. 


Computed tomography 

CT examination clearly depicts the posterior limbus 
bone as a broad-based osseous density with 
roughened irregular margins lying within the canal. 
The underlying end-plate depression from the 
Schmorl’s node can also be seen which may contain a 
vacuum phenomenon (Laredo et al., 1986; Gomori et 
al., 1991) (Figure 18.1 4). Lateral reconstructions 
assist in its depiction. Nerve root compression by the 
discal bony fragment can be assessed especially if 
combined with myelography. 
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Figure 18.14 Posterior limbus bone, L4. A Lateral lumbar radiograph. A linear bony flake is evident within the spinal canal 
(arrow). B. CT scan On the axial image the lucent defect from a Schmorl’s node can be seen (arrowheads) with the isolated 
bony flake displaced into the central canal (arrow). Posterior limbus bones are easily overlooked abnormalities on 
conventional radiographs but are seen well on CT scan. This most commonly occurs in adolescent and young adult males in 
a ratio of 4:1 involving the posterior inferior end-plate of L4. 


Magnetic resonance imaging 

MRI changes will consist of diminshed disc signal but 
the limbus bone itself may not be visible. A coexisting 
tandem lesion of disc herniation can be shown. 

Epidural haematoma 

Spontaneous spinal epidural haematomas have 
recently been described which can manifest symp- 
toms indistinguishable from an acute or chronic disc 
herniation or spinal stenosis (Nehls et al., 1984; 
Gundry and Heithoff, 1993; Kingery et al., 1994). 
Males are affected in a ratio of at least 2:1, most 
commonly at L4, followed by L5 and the upper lumbar 
segments, respectively (Gundry and Heithoff, 1 993)- 
These arise from bleeding vessels near the dorsal 
aspect of the mid- vertebra I body near the exit point of 
the basivertebral vein (Gundry and Heithoff, 1 993). Ln 
at least 50% of cases, they are associated with a 
coexisting disc herniation which is thought to initiate 
the bleed by tearing adjacent epidural veins. Symptoms 
generally diminish faster than due to disc herniation as 
the haematoma reduces in size. At operation, 50% are 
encapsulated as an isolated lesion, 40% are encapsu- 
lated in association with a disc herniation, and 10% 
remain unencapsulated (Gundry and Heithoff, 1993). 

Imaging features 

Computed tomography 

A round ventral extradural mass is visualized extend- 
ing from the level of the disc to the mid-vertebral 


body, simulating a sequestered disc fragment (Boyd 
and Pear, 1972; Levitan and Wiens, 1983) Character- 
istically, they are widest at the mid-vertebral body in 
contrast to a free fragment disc herniation. The 
attenuation values are similar to that of a herniated 
disc (60-70 HU) (Gundry and Heithoff, 1993). 

Magnetic resonance imaging 

Signal intensity is variable with only one-third sugges- 
tive of blood (increased signal on T2 and proton 
density) (Kingery et al., 1994). They are, however, 
different in intensity from adjacent intervertebral 
discs. On sagittal images the haematoma lies inter- 
posed between the ventral aspect of the cord and 
dorsal surface of the vertebral body. It is often 
crescenteric in shape with the width greatest adja- 
cent to the mid-vertebral body. The majority lie in a 
parasagittal location (Gundry and Heithoff, 1993). 
Gadolinium scans may show enhancement at its 
margins (Kingery et al., 1994). 


Degenerative spinal stenosis 

Stenosis is the term applied to narrowing of the 
central or lateral spinal canals which produces 
compression of the contained neural elements. The 
entity of spinal stenosis was originally alluded to by 
Sapyener (1945), and later Verbiest (1949, 1954). Up 
to 28% of asymptomatic individuals may exhibit 
spinal stenosis on CT or MRI, emphasizing the need 
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to carefully correlate the clinical and imaging findings 
(Kent et al., 1992). 

The key clinical manifestation is neurogenic claudi- 
cation often reduced with lumbar flexion amongst 
other less significant findings (Pleatman and Lukin, 
1988). The most common levels of involvement are 
L4-L5 and L5-S1. Isolating symptomatic nerve root 
involvement from lateral stenosis can be assisted by 
diagnostic nerve blocks (Rydevik, 1993). 

The causes for canal narrowing are multiple, 
including congenital and acquired disorders such as 
ligament ossification, spondylolisthesis, Paget’s dis- 
ease, acromegaly, post-surgical callus, fluorosis, frac- 
ture and epidural lipomatosis (Pleatman and Lukin, 
1988). However, the most common causes are 
degenerative in nature arising from the disc, facet 
joints and intraspinal ligaments, especially the liga- 
mentum flavum (Yoshida et al., 1992) (see Figure 
13-1 1). Degenerative spondylolisthesis is a common 
cause of central and lateral stenosis. All of these 
disorders can be depicted by imaging modalities 
(Herzog, 1992). 

The initial investigation should preferably be con- 
ventional lumbar spine radiographs, though some 
dispute this approach (Spengler, 1987). The modality 
of choice following these is MRI. CT is an adequate 
alternative and is improved with the addition of 
myelography to the study. CT bone windows provide 
the greatest accuracy for measuring bony canal 
dimensions. Myelography on its own is an out-dated 
procedure and should be avoided wherever possible 
(Kent et al., 1992). Two types of lumbar stenosis are 
described, both of which are ammenable to imaging 
procedures: central and lateral 

Central canal stenosis 

Decreased dimensions of the spinal canal which 
encases the thecal sac is a common sequel to 
degenerative changes. Central stenosis most com- 
monly involves L3-L5 with generally more than one 
level involved. Minimum critical dimensions have 
been intensively investigated with normal ranges 
established. The accepted minimal sagittal dimension 
(anteroposterior) is 15 mm with a range down to 
12 mm (Hinck et al., 1965; Eisenstein 1977; Ullrich et 
al., 1980). The lowest coronal measurement (inter- 
pediculate distance) is 25 mm (Hinck et al., 1966), 
though some claim measurements of 16 mm or less 
(Ullrich et al., 1988). The cross-sectional bony canal 
area minimum is 145 mm 2 (Ullrich et al., 1988). A 
duraJ sac of 10 mm or less in sagittal dimension is 
usually associated with symptoms of spinal stenosis 
(Bolender et al., 1985). The critical cross-sectional 
area of the dural sac at L3 is below 75 mm 2 , and at L4 
below 65 mm 2 , when significant impediment of 
blood flow and nerve function will occur (Schon- 
strom et al., 1984). 


Imaging features 

Conventional radiography 

Plain films do not identify spinal stenosis due to soft 
tissue causes which make up at least 80% of cases 
(Schonstrom et al., 1985). Large broad pedicles, 
flattened vertebral bodies, narrowed intervertebral 
discs and spondylolisthesis may be evident (Pleatman 
and Lukin, 1985). Forty per cent of bilateral claudica- 
tion patients have degenerative spondylolisthesis. 
Measurement of the lateral projection from the 
spinolaminar junction or the line intersecting the tips 
of the articular processes, to the posterior surface of 
the vertebral body (Eisenstein method) should not be 
less than 12 mm (Eisenstein, 1977). The distance 
between the inner margins of the pedicles (inter- 
pediculate distance) should not be less than 25 mm 
(Hinck et al., 1966). A spinal index’ (canal, vertebral 
body diameter) may indicate stenosis at a ratio of less 
than 1:4.5 Clones and Thompson, 1968). 

Myelography 

The major advantage of myelography is that it permits 
the demonstration of the upper and lower limits of 
the stenosis, though MRI can do the same (Pleatman 
and Lukin, 1988). It is the optimal procedure of 
choice for arachnoiditis which clinically can mimic 
stenosis and is more useful for central stenosis than 
lateral stenosis (Pleatman and Lukin, 1988). Evidence 
of spinal stenosis is a slow or blocked flow of the 
contrast column at an individual level, marked 
indentation of the contrast column usually in a 
symmetrical manner, and tortuous nerve roots. 

Computed tomography 

Axial images display the cross-sectional character- 
istics of the central canal and the contained neural 
elements (Figure 18.15). CT findings of spinal sten- 
osis include a discal vacuum phenomenon, disc 
bulging, small canal, trefoil-shaped canal, facet arthro- 
sis, ligamentum flavum hypertrophy greater than 
4 mm, and a paucity of epidural fat (Pleatman and 
Lukin, 1988; Yoshida et al., 1992) (Figure 18.16). 

Magnetic resonance imaging 

Sagittal images show the front-to-back compromise to 
advantage, axial images less so. The key features are 
the bulging discs, facet and ligamentum flavum 
hypertrophy. The compression on the thecal sac is 
best shown onT2-weighted sagittal images (Modic et 
al., 1994). Central consolidation of nerve roots 
within the thecal sac produces an intermediate signal 
intensity which can be confused with arachnoiditis. 
Additionally, dampening of the CSF pulsations at the 
level of stenosis can increase the signal locally (Modic 
et al., 1994). MR! has largely displaced the need to 
perform myelography. 
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Figure 18.15 Congenital central canal stenosis, axial com- 
puted tomography. On this bone window image the pedicles 
are large, the interpediculate space is narrowed and there is 
a reduced sagittal dimension from the posterior surface of 
the vertebral body to the base of the spinous process 
(arrows). This is an example of a small canal secondary to 
large pedicles. The plain films on this patient were not 
helpful in its detection (Courtesy of Geoffrey G. Rymer DC, 
Hornsby, Australia.) 


Lateral canal stenosis 

The lateral canal is a funnel-shaped tube which 
provides a path for the exit of a lumbar nerve from 
the thecal sac to beyond the pedicle. The most 
common cause for lateral stenosis is due to the 
degenerative triad of disc bulge, facet and liga- 
mentum flavum hypertrophy. Divisions of the canal 
have been described with a plethora of terms and 
boundaries described. Four zones are conceptually 
evident from medial to lateral which can be imaged 
with CT and MRI: entrance zone (lateral recess, 
lateral gutter), mid-zone, exit zone (foraminal) and far 
lateral (Wiltse et al., 1984; Lee et al ., 1988; Giles and 
Kaveri, 1990) 

Entrance zone (lateral recess) stenosis 

This contains the lumbar nerve root covered by dura 
and bathed in CSF with the disc anterior, the facet 
joint posterior and in its distal end a lateral wall 
formed by the pedicle (lateral recess). A lateral recess 
of less than 3 mm is stenotic, 3-5 mm borderline and 
above 5 mm normal (Ciric et al., 1980; Dorwart et al., 
1983). The most common cause for narrowing of the 
entrance zone is facet hypertrophy, particularly the 
superior articular process (Lee et al., 1988). A trefoil- 
shaped central canal occurs most commonly at L5 



Figure 18.16 Degenerative central and lateral canal sten- 
osis, axial computed tomography. Advanced facet arthrosis 
is evident on the right with osteophytes and a contained 
vacuum phenomenon in the joint cavity (arrowheads). 
Thickening of the ligamentum flavum (arrows) and poste- 
rior disc bulging (crossed arrow) contribute to produce 
central canal stenosis. The facet arthrosis has created the 
narrowed lateral canal Centrally, the concentric stenosis is 
derived from the ligamentum flavum hypertorphy, bulging 
disc and loss of disc height. 

(15% of spines) and L4 (7% of spines) and has narrow 
lateral recesses which predispose to nerve compres- 
sion (Eisenstein 1977, 1980). 

Mid-zone stenosis 

The ventral motor nerve root and dorsal root 
ganglion covered with dura and bathed in CSF lie 
beneath the pars interarticularis and below the 
pedicle. Causes for stenosis here are osteophytes 
from the insertion of the ligamentum flavum and the 
fibrocartilaginous bulge from a pars defect (Lee et al., 
1988) (Figure 18.17). 

Exit zone (foraminal) stenosis 

The peripheral lumbar nerve covered with perineu- 
rium traverses the intervertebral foramen beneath the 
pedicle, facet joint and posterior disc margin. Facet 
hypertrophy and osteophytes from the posterior 
vertebral body can compress the canal at this point. 
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Far lateral stenosis 

The L5 nerve root can be compressed between the L5 
transverse process and sacral ala secondary to degen- 
erative scoliosis or greater than grade 1 spondylolis- 
thesis (Wiltse et al., 1984). 

Imaging features 

Conventional radiography 

Clues to lateral stenosis may include loss of disc- 
height, facet arthrosis, scoliosis, spondylolisthesis, 
and reduced canal dimensions (Ben-Elijahu et al., 
1983; Porter, 1993). Identifying posterior body osteo- 
phytes is uncommon (Rowe, 1989). Flexion -exten- 
sion films may show instability at the involved level 
giving rise to a dynamic element of the entrapment 
(Miorand Cassidy, 1982; Dupuis et al., 1985). 

Myelography 

Generally this investigation is unhelpful, particularly 
when the exiting nerve root does not fill with 
contrast. 

Computed tomography 

The entire lateral canal can be evaluated on axial and 
reconstructed sagittal images. Axial images can show 
diminished dimensions, impinging osteophytes and 
disc bulging with a paucity of fat (Figure 18.16). On 
sagittal reconstructions canal narrowing and lack of 
perineural fat are the major features (Heithoff and 
Amster, 1990). Narrowing can be appreciated either 
from vertebral body osteophytes-facet hypertrophy 
(‘front-to-back’ stenosis), or from loss of disc height- 
displaced superior articular process ('up-down' sten- 
osis), or from all directions (concentric stenosis) 
(Heithoff and Amster, 1 990). 

Magnetic resonance imaging 

Foraminal stenosis is identified by an absence or 
paucity of perineural fat seen on sagittal and axial 
images (Osborne et al., 1984). 


Figure 18.17 Isthmic spondylolisthesis, L5-S1. A Lateral 
lumbar radiography. The defect within the pars inter- 
articularis is dearly visible (arrow). A small degree of 
anterohsthesis is apparent. B. CT scan. The axial bone 
window demonstrates the bilateral pars defects. Note the 
distinct asymmetry in the plane and margins of the defect, 
with the right cleft smooth and flat (arrows) while the left is 
irregular (arrowheads). The ventral motor nerve root and 
dorsal root ganglion, covered with dura and bathed in CSF, 
lie beneath the pars interariicularis and below the pedicle. 
Causes for mid-zone lateral stenosis here are osteophytes 
from the insertion of the ligamentum flavum and the 
fibrocartilaginous bulge from a pars defect. 
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Psychosocial aspects of hack pain 

Basil James and Frank McDonald 


There is now general and increasing recognition of: 

1. the essential subjectivity of the pain experience, 
no matter what the cause or causes; 

2. the contribution of factors other than physical 
lesions to the experience of pain, to its expression 
and its communication and its impact on quality of 
life; and 

3. the consequential need to evaluate and respond to 
the subjective experience and the other relevant 
factors as part of the overall treatment of patients 
with pain. 

None of these is an easy matter to address, and the 
present chapter sets out: 

1 . to clarify the difficulties; and 

2. to suggest strategies of assessment and treatment 
likely to enhance the therapeutic endeavour. 

In doing so, it introduces the important influence of 
the treating person as an integral part of the patient's 
experience - a phenomenon given only very limited 
attention in most texts on pain. 

The implications of the subjectivity 
of pain 


Most current definitions of pain have their basis in 
that of Mersky (1975): an unpleasant experience 
which we primarily associate with tissue damage or 
describe in terms of such damage or both’. 

As such, it is clear that whilst any associated tissue 
damage may or may not be directly observable, the 
subjective experience is conveyed indirectly through 
the words or behaviour of the sufferer. It falls into the 


category of ‘private data', and can be felt by the 
sufferer as exquisitely lonely. Lasagna (I960) put it 
eloquently: ‘. . . the investigator ... is at the mercy of 
the patient, upon whose ability and willingness to 
communicate he is dependent’. 

The implications of the variety of 
human experience 


Notwithstanding its distressing and unpleasant 
nature, and the dedication of health professionals to 
eradicate it or minimize its impact, it is sometimes 
helpful and illuminating to recall that pain has 
purpose and value. It is, of course, informative with 
respect to noxious environmental agents and pro- 
cesses both within and without the organism; and it 
acts to motivate or drive behaviour likely to lessen the 
threat to the organism's integrity and function. The 
human organism, however, is distinguished among 
others by its self-consciousness, its inner, abstract and 
conceptual world, and its capacity for the attribution 
of meaning. Pain itself thus often acquires meaning, 
sometimes of a very idiosyncratic kind, as the nature 
of the world in which we live is construed not only 
abstractly, but very individually (e.g. Kelly, 1955) 
Lastly, the important social or interpersonal nature of 
the human environment inevitably incorporates per- 
sons or human institutions into the framework by 
which the origin of the pain is understood, or 
through which the essential suffering may be 
relieved. Thus the health care system provides an 
important setting for what Mechanic (1962) termed 
‘illness behaviour’ - the (usually socially sanctioned) 
(see Parsons, 1964) action taken by an individual in 
response to his/her non-perception of signs of illness. 
Pilowsky (1969, 1990) described such behaviour 
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which was apparently pathological or unadaptive as 
abnormal illness behaviour'. However, given further 
information about the details of the patient’s psycho- 
logical and social status, the behaviour may seem less 
unadaptive 

Thus, without knowledge of the individual person, 
information about pain is incomplete; and although 
in many instances this may not greatly affect out- 
come, it inevitably plays some part in optimizing 
therapeutic success; and in some, the consequences 
of such ignorance can result in failure, chronicity, 
exasperation for patient, family, insurers and treaters, 
and be enormously expensive in time and money. 

Questions therefore arise immediately regarding 
the use of screening procedures, the nature of any 
further investigations, and the range of treatments or 
treatment adjuncts which might be available. 


Screening instruments 


The use, routinely, of a preliminary screening ques- 
tionnaire has much to commend it, provided it is 
presented in such a way that the patient can perceive 
it neither as intrusive nor as indicative of any 
preconception that he/she is imagining' the pain, or 
putting it on’. Indeed, from the very first contact that 
the patient has with the clinic or its staff, thought 
must be given to the possible interpretations which 
may be placed on each approach or communication, 
it is wise to remember that, whilst we as profession- 
als are conducting a psychological evaluation of 
patients, patients are, in their own way, conducting 
psychological evaluations of professionals! (Ques- 
tions arise with regard to the professionals’ trustwor- 
thiness, especially concerning private and personal 
feeling issues, the willingness and ability to under- 
stand, etc.) 

The advantages of routine screenings include: 

• The fact that it is routine and thus no patient can 
feel singled out. 

• It is a useful and quick way of gathering information. 

• It conveys to the patient the person’ orientation of 
the clinic, and an interest in related factors that may 
already be perceived by him/her as important. 

• It can provide the opportunity' for the subsequent 
examiner to seek to amplify at an early stage or 
subsequently, the significance of some of the 
responses of the patient. 

• The possibility of the use of the results for 
monitoring progress, or for research. 

It is, however, important that the questionnaire does 
not replace, nor is perceived by the patient as 
replacing, the interpersonal aspects of the clinical 
transaction. 


One commonly used questionnaire, very suitable 
for the purposes described, is the Oswestry Back Pain 
Disability Questionnaire (Fairbank et al ., 1980). 

it is relatively brief, and thus not overly demanding 
on the patient's time; the questions are easily 
understood as relevant to back pain disability, and 
although widening the sphere of inquiry to include 
social life, travelling and sexual activity, it is unlikely 
to be seen as intrusive. 

The Psychological Assessment Questionnaire of 
Main and Waddell (1984) is also suitable for similar 
reasons, and although its focus is more on emotion 
and on the physical symptoms characteristic of 
anxiety, thus yielding valuable data on affective 
status, the format of the questions is such that they 
are unlikely to alienate the subjects in the ways 
described. 


The clinical interview 


The ordinary initial clinical interview provides con- 
siderable opportunity for arriving at some conclu- 
sions, albeit tentative, regarding psychological or 
social factors. Even without the advantage of a 
preliminary screening questionnaire, and without 
extensive questioning with respect to psychosocial 
details, multiple relevant cues are available from a 
carefully elicited history of the complaint through 
noting the patient’s dress and appearance, posture, 
eye contact, facial expression and body movements, 
as well as the language the patient uses, the allusions, 
the emphases, the repetitions or omissions, etc. 
Although it is beyond the scope of this present 
chapter to explore the detailed possibilities of such 
examinations, the clinician unused to interpreting the 
possible significance of the data, or who may sense 
some cynicism regarding it, may recall the guided 
practice necessary, for example, for learning to hear 
and interpret heart sounds or expertly to read X-ray 
plates. 

It is also important, at this early stage, to exhibit and 
convey to the patient one’s own attitude of non- 
judgmental concern and empathy. The correct use of 
the self as an investigating instrument is as important 
as the correct positioning of the patient in the use of 
the stethoscope, or the manoeuvres necessary for 
eliciting an ankle jerk. Although self-evident, and 
barely arguable, unfortunately it cannot go without 
saying, and most case notes of patients of any 
chronicity will contain at least some pejorative 
comment, confirming the not infrequent perception 
of patients regarding the disparaging language or 
incredulous facial expressions or manner of exami- 
ners. Some conditions and some patients are undoubt- 
edly exasperating, but the capacity to respond 
empathically to the complicating psychological and 
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social variables, and to view them as professionally 
interesting issues which themselves may require 
attention, assists not only in achieving the alliance 
with the patient which is the essential platform for all 
further therapeutic work, but also helps change a long 
and frustrating clinical session into an intriguing 
puzzle. 

These comments regarding the initial interview are 
not intended either to suggest that the majority of 
patients with back pain need specialized psycho- 
logical/psychiatric treatment, nor to urge clinicians of 
all kinds to be specialists in these areas. What is 
necessary, however, is to avoid if at all possible 
making a bad situation worse; and to recognize the 
kinds of alerting signals which may at least at some 
stage lead to more specialized referral, and which are 
comparable to signs in the physical arena such as 
pallor or an upgolng toe. Certainly, in ascertaining 
early indications of the importance of psychological 
issues, it is of course necessary to bear in mind that 
these issues may no less frequently be the con- 
sequence of pain as they are contributing factors. 

One particularly important goal in the initial 
assessment of the patient with back pain is the 
inquiry regarding depression. A review by Sullivan 
(1992) suggests that the prevalence of depression 
among chronic low back pain patients is three to four 
times that of the general population. As indicated, a 
preliminary questionnaire screening may already 
provide an early indication, and depressed patients 
are often relieved to be able to share the problem 
with a sympathetic examiner. Sleep disturbance, 
especially early morning waking, loss of interest, 
energy and concentration, inability to experience 
pleasure or joy, and a mood of dejection (which may 
be expressed very variously) are important diagnostic 
clues. Not only does depression commonly lead to an 
amplification of the pain experience, but it is a highly 
treatable syndrome, either by psychological strategies 
or by antidepressant medication, depending on its 
nature. 

Further psychological/psychiatric 
investigation 


The need for further evaluation is signalled either by 
evidence elicited at the initial examination as above, 
or by continued failure of the patient's condition to 
respond as expected to the usual treatments. It is 
very important to note, however, that such non- 
response does not, per se, necessarily indicate 
psychopathology. 

The decision to recommend more intensive psy- 
chological/ psychiatric evaluation is one which needs 
to be conveyed with tact and empathy. The routine 
use of a screening questionnaire, and the demon- 
strated concern of the first examining clinician for 


the patient as a person, will have paved the way for 
easy referral. Emphasis should continue to be clearly 
on the patient’s quality of life, on the inseparability of 
this from the pain, and of the pain experience from 
the person. The maintenance of judgement-free 
language and attitude remains paramount. 

Further investigation of the 
psycho logicai/psychiatric 
dimension 


As the evaluation becomes more specialized and 
detailed, the focus moves more towards the person 
with the symptom rather than the symptom itself, 
though the latter remains importantly linked with the 
other variables. 

Different clinicians will use different methods of 
exploring the personal domain. Generally speaking, 
psychologists will tend to use structured interviews 
in conjunction with established instruments such as 
questionnaires, and some advantages may be claimed 
in terms of their uniformity and standardization; on 
the other hand, psychiatrists are mote likely to use 
the clinical interview with the claimed advantages 
here of greater opportunities for the development of 
the therapeutic relationship, and paradoxically, the 
lack of uniformity or standardization, with a conse- 
quently greater opportunity to explore the subjective 
response. 

Whichever route is used, however, the aims will be 
to explore a large number of variables which together 
may help in the drawing, metaphorically, of a ‘map’ 
which will help make sense of the clinical presenta- 
tion, progress and responses of the patient. Upon the 
‘contours' of this map’ will then be constructed 
individually based therapeutic strategies designed to 
assist the patient to move from his/her present status 
to a mutually negotiated ‘destination’ or improved 
clinical/social/existential state. 

Practically, the emerging map’ is examined for 
several possible features. As already indicated, spe- 
cific psychiatric disorders are sought, such as a major 
depressive disorder, any of the anxiety disorders, or 
substance abuse disorder, and specific treatments 
provided as appropriate. 

Beyond these syndromes, however, are issues of 
past experience, personality and current stressors 
which form an amalgam in the inner world of the 
patient, colour perceptions and generate a wide 
variety of emotions and behaviours. Many of these 
may, individually or together, affect either the pain 
experience itself, or the impact the pain has on the 
patient's life, as well as attitudes to treatment and to 
the desired or expected outcomes. None of these 
may have been clearly formulated in the patient’s 
mind, and the desired treatment outcome in partic- 
ular needs to be clarified very carefully and tactfully. 
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If the outcome desired by the patient is not under- 
stood, and if it is at variance with that towards which 
the treating team is working, lack of success and 
mutual frustration is inevitable. Any discovered dis- 
sonance between these goals should be used to 
trigger a discussion, the outcome of which should be 
mutually agreed, and acceptable, treatment targets. 

Among the important personal variables which 
require understanding are the following: 

• Past experience, specifically of others, and most 
especially of others early in developmental life; the 
way past needs seem to have been understood or 
not, and have been met or ignored or frustrated; 
the degree to which others might be trusted; and, 
often particularly relevant to the present dilemma, 
how the patient has, in the past, experienced and 
dealt with helplessness and dependency. 

• The stage of psychological development of the 
patient (not always correlating with chronological 
age) and the stage of development of his/her 
family, together with past memories of family 
affairs stirred by present events. 

• What current stressors may be at play - inter- 
personal, financial, etc.; and what events, such as 
bereavements, etc. have been experienced in 
recent times. 

• From what activities/roles has the patient habit- 
ually derived his/her fulfilment and life satisfaction, 
and how has the pain influenced those. 

• The meaning of the pain to the individual patient, 
and of the injury or other condition which may 
underlie it. To what extent, for instance, may it be 
seen as attributable to indifference or neglect by 
self or others, as a providential' test' , as a punish- 
ment, etc. 

• What has been lost or gained by the back pain 
problem, and what would be lost or gained by 
improvement or cure. The influence, for example, 
of the nature of the patient’s work, is illustrated by 
the report by Bigos el al. (1991) that a mean of 
250% higher incidence of reports of back injury are 
made by persons with poor job satisfaction com- 
pared to those who enjoy their work 

• What are, if any, the strongly held principles and 
philosophies which guide the patient’s life, how 
were they formed, and how may they be relevant 
to the present circumstances. 

• What are the predominant emotions of the patient 
with regards to his/her pain, and how do they 
relate to the patient's underlying thoughts and 
perspectives. 

In the above illustrated list of important psycho- 
logical issues, some emphasis has been given to those 
which may have a bearing on the experience of pain, 
or on the reaction to it. It is important to note, 
however, that many stressors may have no discernible 
relationship with pain per se, but may serve, together 


with the pain, tosummateand exceed the capacity of 
the person to cope overall, each by itself being, in the 
individual case, a necessary but insufficient factor to 
cause psychological decompensation. The pain then 
serves as the legitimate vehicle or ‘the offering’ 
(Balint, 1964) by which the patient seeks medical or 
related help. Turner et al. (1987) found that amongst 
volunteers for cognitive-behavioural treatment of 
chronic low back pain, only 43% ranked pain or its 
limitations as their primary stressor. Other stressors 
rated as primary were work and finance (34%) and 
family problems (23%). Schwartz et al. (1994) pro- 
vide good experimental evidence that subjects com- 
plained significantly more of pain and showed less 
persistence with a physical task following discussion 
of a stressful life issue than they did following a 
neutral communication topic. In many cases, of 
course, the pain precipitates compounding social 
consequences, so that a complex of problems is 
added to those existing - not just one straw breaking 
the camel’s back. 

As the clinical assessment unfolds, often over 
several appointments, the patient's progressive clar- 
ification of some of the contributing factors can itself 
be therapeutic, as their stressfulness becomes less, 
simply by being seen to be finite rather than 
amorphously and darkly oppressive; moreover, as 
they become identified, it often becomes possible to 
design remedial strategies. The act of sharing prob- 
lems with a supportive professional also has some 
heartening and strengthening effect. Such changes 
for the better comprise some of the processes 
involved in psychotherapy of the so-called ‘dynamic’ 
kind. 

An alternative approach (often seen in some 
professional circles as somewhat in competition with 
the 'dynamic' approach, though in the present 
authors’ views, each complements the other, and is 
likely to be helpful at various stages of the patient’s 
progress), is the set of ‘cognitive-behavioural’ thera- 
pies. The fundamental underpinnings of such treat- 
ments are that individuals tend to develop assump- 
tions about, and consequent perceptions and 
expectations of, their world, and to codify these as 
their own (again often poorly articulated) indi- 
vidualized set of cognitions. They are used to 
generate, and are themselves perpetuated by, the on- 
going silent commentary or inner dialogue we know 
as thoughts. With respect to pain, for instance, on- 
going cognitions may generate destructive or compli- 
cating attitudes to the pain, to the setting of realistic 
goals or to the acceptance of recommended treat- 
ment strategies. 

In the cognitive-behavioural approach, the inter- 
view techniques are somewhat more structured and 
focused, seeking to identify both the relevant (inter- 
nal) cognitions, and the external environmental 
factors which serve to increase or decrease the 
tolerance of pain (not the pain itself). Examples of the 
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latter would be worry, tension, work, alcohol, relaxa- 
tion, interpersonal conflict, weekends, positive emo- 
tional states, study, physical and sexual activity, 
application of heat or cold, and responses from family 
or work colleagues that may be solicitous, over- 
protective, indifferent or punitive. 

Two major foci are common to all psychosocial 
assessment protocols derived from this cognitive 
behavioural approach; cognitive/affective responses 
and behaviour patterns. 

The currently predominant cognitive-behavioural 
view of chronic pain pays special attention to those 
attributed meanings 

patients’ perception of having or not having power to 
manage their pain; whether or not they take appro- 
priate action to reduce their pain; their actual activity 
patterns and the reciprocal psychological effects; the 
nature and level of their mood and self perceptions 
and whether or not they continue their search for 
explanations and treatment from health services. In 
patients for whom avoidance has evolved as their 
main coping strategy, clinicians might uncover esca- 
lating self-demeaning soliloquies such as ‘it hurts if I 
try to exercise or become active . . . I'm only doing 
more damage . . . I must be making my spine crumble 
even faster . . . I’m helpless . . . I’m a useless person 
. . . I can never be relied upon . . . I’ve lost my old 
place in the family, the workforce and society’. The 
inner search for explanation can lead to a belief of 
being punished for past misdeeds, with erosion of 
self-image, consequent depression and demoraliza- 
tion, and progressively lowered resistance to this 
style of coping. The ‘personal, permanent and perva- 
sive’ cognitive attributions relating to misfortune that 
accompany learned helplessness (Peterson and Selig- 
man, 1984) can easily be seen in this group. 

Coping mechanisms of relentless confrontive 
denial of the need to make adjustments and the 
absence of a problem-solving stance characterize 
patients at the other end of the spectrum. Pain 
episodes in these patients trigger internal dialogues 
that are very different in content, but which can have 
the same ultimate effect on mood, motivation and 
self-perception. Thus: I’m not going to let this pain 
beat me ... I can handle it . . . if I stay active and busy 
I can keep my mind off this pain . . . that’s the only 
way ... I can't stand feeling useless ... I hate it when 
anyone thinks I’m not pulling my weight’ etc. The 
end result of this stoic minimization of their condi- 
tion may be an increase in the average intensity of 
pain, physical collapse or exhaustion. A sense of 
failure and helplessness can set in as such patients 
achieve less and less over the long term. 

Compensation factors may influence the cogni- 
tions of those awaiting the outcome of litigation. 
Concerns may be felt that significant improvement 
may jeopardize the chance of what they perceive as a 
just settlement, and that they will be seen as having 
been malingerers and liars. Further, the perception by 


patients of clinicians as sceptical or incredulous may 
lead to desperate attempts to convince the examiners 
of their true suffering, with the apparent exaggera- 
tions’ serving to confirm the clinician’s sceptical 
stance. Adversarial legal systems and compensation 
schemes which provide pain-contingent payments 
risk putting patients in a powerful bind, conditioning 
pain complaints (Mills and Horne, 1986). 

Cognitive assessment seeks to discover the partic- 
ular idiosyncratic variations on such attributional 
themes. The patient is asked to describe his/her 
thoughts or images at times of peaks in pain. Initially, 
patients are seldom fully aware of their internal 
dialogues, which have often become submerged 
beneath the more conspicuous feeling states. 
Requests to visualize a recent episode accompanied 
by moment to moment thinking 
help to recapture such barely conscious and largely 
automatic thoughts. The thought may be accom- 
panied by fantasies such as further physical damage 
to the spine and soft tissues. The use of individually 
designed diaries and questionnaires, maintained by 
patients on a daily basis, helps capture these experi- 
ences which are otherwise rapidly forgotten. 

The minor proportion of angry and demanding 
patients who cause major difficulties often require 
special strategies such as clearly stated treatment 
agreements. However, the most commonly experi- 
enced negative emotion in clinical populations of 
chronic low back pain patients is frustration (Wade et 
al., 1990). Frustration has been described (Selye, 
1979) as one of the most harmful psychogenic 
stressors. The examiner might inquire about how 
frustration is managed, or the patient’s habitual 
response of frustration may be apparent from his/her 
history, including examples of the way the patient has 
met insoluble problems. If deficiencies in skills are 
detected, such as the employment of a futile or 
persistent search for a solution rather than an attempt 
at pacifying the emotion, the so-called emotion 
defusion’ techniques involving imagery and relaxa- 
tion may be indicated as part of treatment. 

Behavioural assessment of the psychosocial aspects 
of pain may incorporate an informal analysis of the 
externally applied rewards, such as solicitous spouses 
(Block, et al . , 1980) and punishments that can 
modulate its characteristics. Whilst the behavioural 
approach has had only modest (20-30%) long-term 
effects on pain intensity reports (Keefe and Lefebvre, 
1993) it has yielded some clinically useful strategies. 

Personality typing alone has not been shown to be 
more predictive of pain chronicity, or to predict 
responsiveness to cognitive behavioural treatments 
(Turk and Rudy, 1987; Phillips, 1988). Traditional 
psychopathologically orientated measuring instru- 
ments are therefore of little value in evaluation. 
However, two overlapping measures of specific intra- 
personal characteristics are shown to co-vary with 
tolerance of chronic pain and the attainment of 
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treatment goals - perception of ‘self-efficacy’ or 
personal effectiveness, reflected in ratings of per- 
ceived personal control over pain; and the more 
general construct of internal locus of control’. This 
latter characteristic is the sense that events are under 
personal control rather than due to circumstances, 
fate or luck (Council et al., 1988; Crisson and Keefe, 
1988; Jensen and Karoly, 1991; Jensen et al., 1991). 
These can change with standard cognitive-behav- 
ioural treatments which aim to extend the individ- 
ual's range of practical response to pain. Interview 
assessment of these variables may be informally 
quantified on a ten point rating scale to aid pre- 
selection and treatment evaluation. 


Specific behavioural and cognitive 
therapies 


The behavioural paradigm is based on observable 
behaviours and the influence of associations, rewards 
and punishment that come from the environment. 
Behaviourists maintain that a patient is best under- 
stood and described by what he/she does in a 
particular situation. No inquiry is made into inner 
events. Treatment aims at changing specific behav- 
iours measured by observation and rating which in 
turn improve thoughts and feelings. 

Behavioural strategies require behavioural or envi- 
ronmental change as a first step, maintaining that 
changes in thoughts and feelings will follow. Exam- 
ples of treatment targets of this approach include 
reducing medication usage, improving exercise toler- 
ance and raising activity level. Graded reduction of 
analgesics involves changes to how patients schedule 
their medication intake. A key feature of any behav- 
ioural plan is to move from an as needed' or p.r.n. 
basis to a predetermined schedule, e.g. 4- or 6-hourly 
time intervals (Fordyce, 1976; Sternbach, 1982). 
Some empirical support for the superiority of such 
time-contingent over on-demand schedules comes 
from studies by White and Sanders (1985) and 
Berntzen and Gotestam (1987). In addition to lower 
levels of pain, mood levels were found to be 
significantly improved in both groups of chronic pain 
patients. 

A second application of behavioural principles is 
described as activity pacing’, in which the patients 
are encouraged to extend their range of activities 
such as standing, walking and sitting, including such 
behaviours as gardening, housework, performance of 
a hobby, socializing, sex, working, playing with 
children, exercise and driving. Instruction in the 
principles of pacing is popularly regarded by chronic 
patients as one of the more useful strategies learned 
in pain control programmes. Patients record how 
long an activity may comfortably last before they 


notice an increase in their pain. It is then suggested 
that upon the next attempt they stop at a half-way 
point and then switch to a different physical position 
and engage in an alternative, usually lighter, activity. 
Relaxation and other strategies are applied during a 
15-minute break before recommencing. Over a num- 
ber of weeks, at their own pace and rate, patients 
increase their activity by small amounts. A guiding 
principle is to never allow the pain to rise above 
tolerance levels. The result is usually a very welcome 
increase in overall activity levels with significantly 
less pain. Endurances have been reported to be 
extended up to 2- to 5-fold (Sternbach, 1987). 

Social reinforcement techniques require the 
involvement of persons such as family members who 
have most contact with the patient, and teaching 
them to distinguish pain behaviours (e.g. complaints 
of pain or related issues such as medication) from 
healthy behaviours. Patients and family members 
separately tally these behaviours to increase reliability 
of measures. Family members are trained in how to 
give praise and attention for healthy behaviours (e.g. 
during exercise) and how to minimize attention and 
ignore pain behaviours. 

Progressive muscle relaxation training also comes 
into the category of behavioural therapies, and 
appears to be an effective adjunct for most, though 
not all, patients with chronic low back pain Oessup 
and Gallegos, 1993). This skill is best used pre- 
ventively but if it is well practised it can be helpful in 
the event of spasms that might occur after sudden 
twisting and turning. 

The concept of pain behaviour has drawn its fair 
share of criticism, including allegations that the 
theoretical basis is too simplistic, and that the wrong 
variables (i.e. behaviour) are being measured because 
they can be measured accurately, and that the more 
important issues of subjective experience are being 
ignored. Keefe and Lefebre (1994) list six such 
controversial areas, and provide their refutations. The 
latter are not entirely convincing, and Merskey (1995) 
cites the experience of patients being pushed repeat- 
edly to do things which are increasingly difficult and 
painful for them, describing such techniques as not a 
pretty matter’. He takes issue with Fordyce’s (1976) 
view that the subjective state of the patient is not a 
matter of concern to him, provided behaviour can 
change; and claims that the notion of treating the 
pain behaviour involves some denial of the patient's 
experience. A further criticism by Merskey that such 
treatments may be more in the interests of insurance 
companies than of patients may also be seen to be 
understandable in the light of Keefe and Lefebre’s 
(1994) account of Caudill’s (1991) cost-benefit analy- 
sis of an outpatient behavioural pain management 
programme which revealed a 36% reduction in total 
clinic visits over the course of treatment and a saving 
to the HMO (Health Maintenance Organization) of 
$35 000 over 2 years. 
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The cognitive-behavioural paradigm, as indicated 
above, has as its rationale that patients respond 
primarily to their cognitive representation of their 
environment rather than to the environment per se. It 
incorporates the action strategies and conditioning 
approaches of the behavioural model but largely as a 
means of testing and modifying maladaptive cogni- 
tions. Its main emphasis has been on developing 
strategies that seek to directly modify negative 
thoughts and images. 

Specific strategies include imaginal rehearsal’ in 
which the principles of systematic desensitization are 
used. The patient induces relaxation and is then asked 
to recall a relatively low stress situation or emotional 
reaction that lowered pain tolerance, and to note the 
earliest physical changes. Maintaining the relaxed 
state in the presence of progressively more stressful 
imagery aims to counter-condition the links between 
emotional states and higher pain levels. 

The strategy of distraction redirects attention of 
patients during periods of intense pain, particularly at 
times such as night, when the competing stimulation 
of daily activity is absent. These include such every- 
day activities as getting out of bed, reading or 
watching television. Giving this example may stim- 
ulate patients to discover other ways which are 
particularly helpful to them as individuals to bring 
about distraction. The general principle is that the 
strategy is required to divert attention away from the 
body to outside stimuli. 

Lastly, the cognitive therapeutic approach addres- 
ses some of the revealed 'self-talk’ described earlier in 
this chapter. The assumptions underlying phrases 
indicative of helplessness and self-recrimination are 
challenged in therapy, and identified distortions or 
over-generalizations are replaced with thoughts that 
are more realistic, positive and accurate. Re-labelling' 
seeks to replace words and phrases carrying negative, 
defeating or self-denegratory implications, with other 
words which, although equally accurate, bear with 
them connotations of hope, encouragement and 
support. 

In practice, many of the strategies referred to have 
behavioural and cognitive components, well illus- 
trated by the multidimensional treatment package of 
Philips (1987). The 40 patients described had a mean 
chronicity of 8.6 years, but over nine weekly group 
sessions each of 90 minutes, 70% reported pain ratings 
which were ‘improved’ or much improved’, with an 
additional 13% rating themselves pain free’ or vir- 
tually pain free’. A 12-month follow-up was said to have 
yielded reports of exercise capacity improvements of 
87% and elimination of drugs in 63%. Details of the 
programme, which include activity pacing, mood 
control techniques and anxiety management/relaxa- 
tion training, graded increases in exercise and physical 
fitness and a range of cognitive and behavioural 
strategies increasing control over pain episodes, are 
published in a treatment manual (Philips, 1988). 


Conclusion 


The most important step in the management of 
chronic pain is assessment. The inclusion from the 
outset of an approach which acknowledges the 
contributions of psychological/psychiatric and social 
factors, as well as physical, facilitates the identi- 
fication of the major importance of these factors in 
some patients, and facilitates the subsequent incor- 
poration into the assessment and treatment pro- 
gramme, where indicated, of the psychological/ 
psychiatric dimension. 

The person, style and behaviour of the examining 
clinician is an integral part of the total setting in 
which the examination takes place, and can sig- 
nificantly influence the patient’s own behaviour and 
subsequent outcome. Psychotropic medication, and 
therapies based on relationship, behavioural and 
cognitive approaches all appear to have important 
places. Which particular technique, or combination 
of techniques, may be most suitable for each type of 
patient has been to date insufficiently explored, and 
remains an important research goal The availability in 
a particular setting, however, of as full a range of 
treatment options as possible seems highly desirable, 
and care should be taken to avoid, as far as possible, 
the prescription of treatment based on the theoretical 
orientation and ideology of the clinic rather than on 
the need of the patient. 
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Diagnosis of mechanical low hack pain with or 
without referred leg pain 

L.G.F. Giles 


Introduction 


An overview of diagnostic procedures for the man- 
agement of low back pain of mechanical origin, with 
or without leg pain, by specific disciplines, i.e. 
medicine and surgery, chiropractic, osteopathy and 
physiotherapy will be described, respectively, in the 
four chapters which follow. This brief introductory 
chapter sets the scene for the following discipline 
specific chapters and places mechanical low back 
pain, with or without referred leg pain, in the overall 
topic of spinal pain. Low back pain must be viewed in 
the context of (i) clearly defined pathological condi- 
tions, and (ii) the less well defined, but much more 
prevalent, condition of spinal pain of mechanical 
origin (Beaumont and Paice, 1992). It is vital to 
distinguish mechanical causes of back pain from 
other causes as patients with mechanical causes are 
likely to respond to physical forms of treatment 
(Jenner and Barry, 1995). 

One of the major difficulties involved in evaluating 
a patient with low back pain of mechanical origin, 
with or without root symptoms, is that multifactorial 
aetiologies are possible (Haldeman, 1977; Gross, 
1979) for this multidimensional problem that can 
affect every aspect of an individual’s life (Bowman, 
1994). The painful structure, or structures, are not 
amenable to direct scrutiny. Therefore, a tentative 
diagnosis is usually arrived at for an individual case by 
taking a careful case history and employing a 
thorough physical examination, with imaging and 
laboratory procedures as indicated (Bigos et al . , 
1994a). In this context, it should be noted that there 
are three main approaches to patient evaluation, i.e 
(i) assessment of pain (using subjective self-report 
measures estimating pain severity, quality and loca- 
tion), (ii) investigation of personality structure, and 


(iii) clinical identification of signs and symptoms 
deemed excessively, or inappropriately, abnormal 
(Main and Waddell, 1982). 

Nontheless, there is still little consensus, either 
within or among specialties, on the use of diagnostic 
tests for patients with low back pain (Cherkin et al . , 
1994). Furthermore, in spite of following a thorough 
examination procedure, one often merely eliminates 
frank pathologies and the precise cause of low back 
pain of mechanical origin, with or without referred 
leg pain, often remains obscure (Riihimaki, 1991; 
Margo, 1994), especially when dysfunction and 
degenerative pathology of spinal and sacroiliac joints 
co-exists. 

Specifically, diagnostic problems relate to (a) the 
limitations of many diagnostic procedures, including 
plain film radiography, myelography, computerized 
tomography (CT), magnetic resonance imaging 
(MRI), and bone scans, (b) inadequacies in the 
precise anatomical knowledge of the spine, and (c) 
there sometimes being multifactorial causes of pain at 
a given level of the spine Also, there is often 
disagreement on which imaging procedures have 
diagnostic validity for mechanical back pain, with or 
without referred leg pain, for example in the use of 
flexion -extension plain film radiography (Dvorak et 
al., 1991; Knight, 1993; Sato and Kikuchi, 1993). In 
addition, Buirski and Silberstein (1993) found that 
MR! can only be used as an assessment of nuclear 
anatomy and not for symptomatology Furthermore, 
roentgenographic diagnosis often proves difficult 
because of the anatomical complexity of the spine 
(Le-Breton et al., 1993). 

Additionally, some diagnostic and therapeutic 
chemical agents may be harmful, as can be the case 
when such chemicals injected into intervertebral 
discs extravasate into the epidural space (Weitz, 
1984; Adams et al., 1986; MacMillan et al, 1991), 
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causing complications due to contact between them 
and neural structures (Dyck, 1985; Merz, 1986; Watts 
and Dickhaus, 1986). 

That low back pain with or without sciatica is not 
a diagnostic end-point, but rather a label for a pain 
syndrome that encompasses a long differential diag 
nosis, should always be remembered (Young, 1993; 
Herr and Williams, 1994), even though the most 
common cause of this syndrome is dysfunction and 
degeneration of spinal intervertebral joints (mechan- 
ical back pain) (McCowin et al., 1991; Murtagh, 1991, 
1994; Day et al, 1994). Mechanical back pain is due 
to injury, accounting for approximately 72% of back 
pain, while lumbar spondylosis accounts for approx- 
imately 10% of painful backs (Murtagh, 1991, 1994). 
Root compression due to mechanical dysfunction , 
with resulting radiculopathy, has to be differentiated 
from frank pathological conditions causing radicu- 
lopathy; both conditions may result in signs and 
symptoms such as pain, paraesthesia, sensory disturb- 
ance, loss or weakness of tendon reflexes, and 
muscular weakness (Benini, 1987). 

It is still only rarely possible to validate a diagnosis 
in cases where pain arises from the spine (White and 
Gordon, 1982) and, because it is not possible to 
establish the pathological basis of back pain in 
80-90% of cases (Chila et al., 1990; Spratt et al., 
1990; Pope and Novotny, 1993), this leads to diag- 
nostic uncertainty and suspicion that some patients 
have a ‘compensation neurosis' or other psycho- 
logical problem. It is also appropriate at this time to 
recognize the role of psychological factors which are 
discussed in detail in Chapter 19 Although the 
complex interaction of psyche and soma in the 
aetiology of back pain is not well understood, a 
psychogenic component may be primary (conversion 
disorder), secondary (depression caused by chronic 
pain), contributory (myofascial cycle dysfunction), or 
absent (Keim and Kirkaldy- Willis, 1987). 

In previous chapters, the anatomy of the lumbosac- 
ral spine has been given in considerable detail. 
Therefore, it is not necessary to reiterate it here, 
other than to highlight clinically important aspects, 
under the following subheadings, and to emphasize 
that it is mandatory for low back pain patients, with 
or without leg pain, to undergo a comprehensive case 
history interview, followed by a thorough and careful 
physical examination and, when necessary, labo- 
ratory procedures, in order to make a differential 
diagnosis. 


Nerve roots 


The relationship of the lumbosacral roots of the 
spinal nerves to the vertebrae and intervertebral discs 
is of major clinical significance (Figure 20.1). In this 



Figure 20.1 Schematic relationship of spinal nerve roots, in 
their respective root sleeves, to the vertebral bodies (B) and 
intervertebral discs. The L4 and L5 posterior spinal elements 
have been removed. A fourth lumbar disc medial herniation 
(arrow) will affect the L5 nerve roots and can also affect 
some of the sacral nerve roots. A fourth lumbar disc lateral 
herniation (tailed arrow) may affect the L4 nerve and its 
spinal ganglion at this level, depending on the location of 
the ganglion, but not the L5 neural structures. B = body of 
fourth lumbar vertebra; D = dural tube. 


context, it is important to note that the termination of 
the spinal cord (conus medullaris) is normally at the 
lower border of the first lumbar vertebra by 1 2 years 
of age, due to the cephalad migration of the spinal 
cord as skeletal growth is more rapid than neural 
growth (Keim and Kirkaldy-Willis, 1987). In adults, 
the conus medullaris is usually at the level of the first 
lumbar intervertebral disc (between LI and L2) (see 
Figure 20.6) (Wilkinson, 1986) but may vary its 
position between theT12 and L2 intervertebral discs 
(see Figures 3 5 and 1 3-5). 

The position of an intervertebral disc herniation is 
of great significance in correlating symptoms with 
signs, as well as with various imaging procedures. For 
example, a midline herniation posteriorly of the 
L4-L5 intervertebral disc may affect the L5-S5 
nerves, depending on the size of the herniation, but 
not the L4 nerve. A posterolateral herniation of the 
L5-S1 intervertebral disc may affect the L4 nerve 
(Figure 20.1) but not the L5 nerve. A clear under- 
standing of this concept is essential for localizing the 
possible level of spinal involvement. 

Two other important neurological concepts have 
been recognized for anatomically normal spines. First 
of all, the distribution of cutaneous areas supplied 
with afferent nerve fibres by single posterior spinal 
nerve roots, i.e. dermatomes of the human body 
(Dorland, 1974; Barr and Kiernan, 1983), have been 
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Figure 20.2 Sensory (dermatomes) on the anterior and 
posterior surfaces of the body. Axial lines, where there is 
numerical discontinuity, are drawn thickly. (Modified from 
Wilkinson, J. L. (1986) Neuroanatomy for Medical Stu- 
dents. John Wright and Sons, Bristol, p. 29.) 


fairly well established (Figure 20.2). According to 
Keim and Kirkaldy-Willis (1987), this enables deficits 
of a specific nerve root to be accurately localized 
during sensory examination although Jinkins (1993) 
suggests that there is some overlap of sensation (see 
Chapter 17 for details). When spinal and or neural 
anomalies are present, Wigh (1980) warns of the 
difficulty of correctly localizing the level of involve- 


ment. Secondly, careful examination of motor inner- 
vation of limb musculature also allows the nerve 
roots causing a specific motor deficit lo be identified 
(Figure 20.3). 

In general, nerves from two adjoining spinal 
segments govern a specific joint movement. In the 
lower limbs, joint innervation is segmental, with each 
joint innervated by nerves arising one segment lower 
in the spinal cord than those that innervate the next 
proximal joint. Thus, a total of three to five spinal 
segments controls the following, i.e. hip, knee, and 
ankle, as shown in Figure 20.3 (Quiring and Warfel, 
1960; Hoppenfeld, 1976, 1977; Keim and Kirkaldy- 
Willis, 1987; Moore, 1992). 


History of low back pain 


The importance of an exhaustive case history cannot 
be overemphasized, and it should take into account 
facts such as the patient’s age, occupation, medica- 
tion, previous injuries, onset of pain, recreational 
activities and frequency thereof, pain aggravation and 
characteristics, location distribution, and any related 
neurological symptoms (numbness, paraesthesia, 
weakness). Some conditions provide reasonably char- 
acteristic patterns, while others do not. For example, 
morning stiffness may be associated with ankylosing 
spondylitis, or with mechanical degenerative changes 
such as discogenic low back pain, although it may be 
more prolonged in the former. If walking or standing 
cause low back pain, spinal stenosis may be the 
aetiology. Standing may aggravate pain due to disc 
herniation while walking may lessen the pain. Pain 
which occurs at night, and which is relieved by 
aspirin may be associated with an osteoid osteoma 
which is a benign tumour of bone (Keim and 
Kirkaldy-Willis, 1987). 

Pain diagrams which have been designed to give a 
patient's subjective interpretation of pain, its loca- 
tion, its characteristics, its frequency and its intensity, 
should be used to complete the history (Huskisson, 
1974, Mooney and Robertson, 1976, Chan el al., 
1993) (Figure 20.4). 

Until a thorough history has been taken and a 
thorough examination performed, to rule out 
organic disease, it is not wise to label a patient as 
being neurotic or a malingerer. It should be remem- 
bered that it is thought that such patients form only 
a small minority of cases (approximately 0.1%) 
(Ghormley, 1958). Furthermore, some studies com- 
paring compensation and non-compensation 
patients show no difference (Leavitt et al., 1982; 
Pelz and Merskey, 1982; Melzack et al., 1985; 
Mendelson, 1987), and the stereotype describing 
migrant workers as malingerers cannot be sup- 
ported (Hewson et al., 1987). 


Copyrighted Material 


Diagnosis of mechanical low back pain with or without referred leg pain 325 


EXTENSION 

(gluleus max imus) 


HIP 



FLEXION 

(iliopsoas) 


FLEXION 

(hamstrings) 


KNEE 



EXTENSION 

(quadriceps) 


ANKLE 


FOOT 



DORSIFLEXION 

(tibialis anterior, 

L4.5 extensor digitorum long us, 
extensor haltucis longus) 


/ Sl,2 


PLANTARFLEXION 


(gastrocnemius, soleus, 
flexor digitorum longus, 
flexor hallucis longus, 
tibialis posterior) 



INVERSION EVERSION 

(tibialis anterior) (peroneus longus & 
brevis) 


Figure 20.3 Motor innervation of the lower limb. (Modified from: Hoppen- 
feld, S. (1977) Orthopaedic Neurology. A Diagnostic Guide to Neurologic 
Levels. J.B. Uppincott, Philadelphia; Keim, H.A. and Kirkaldy-Willis, W.H. 
(1987) Clinical Symposia. Low Back Pain. 39- Ciba-Geigy, Jersey; Moore, 
K.L (1992) Clinically Orieyiled Anatomy, 3rd edn. Williams and Wilkins, 
Baltimore.) 


Physical examination 


The physical examination should be orderly and 
systematic and should include the following (Table 
20 . 1 ) 

Low back pain of mechanical origin occurs most 
commonly in the 25- to 40-year age group (Weinstein 
et al, 1990); thus, in older patients, the possibility of 
spinal disease must be considered, although it should 
not be presumed absent in younger patients. With 
increasing age, the importance of rectal, or rectal and 
vaginal, examination should be stressed so that local 
lesions and involvement of accessible lumbodorsal 
plexuses can be ruled out if possible, as low back 
pain can be referred from various palpable visceral 


structures (Chusid, 1985). The possibility of reflex 
sympathetic dystrophy should not be overlooked 
(Tierney, 1992). 

Some possible causes of low back 
pain 


Some possible causes of acute and chronic low back 
pain, 

diagnosis, are summarized in Table 20.2. 

Definitions vary for the time factor associated with 
acute and chronic low back pain depending on the 
viewpoint of authors (Nachemson and Andersson, 
1982; Deyo, 1988; Bigos et al., 1994; Henderson et 
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PAIN ASSESSMENT 

NAME AGE MALE / FEMALE 

OCCUPATION 


1. PLEASE MARK WHERE YOU FEEL PAIN AT THIS MOMENT USING 
THESE CODES: 



2. PAIN FREQUENCY (PLEASE TICK ONE BOX ONLY) 


ONCE PER MONTH 
ONCE PER WEEK 
ONCE PER DAY 
FREQUENT 
CONSTANT 


3. PAIN SCALE (PLEASE PLACE A MARK ON THE FOLLOWING LINE TO 
INDICATE YOUR PAIN AT THIS MOMENT) 


PAIN AS BAD AS 
I IT COULD BE 

Figure 20.4 Subjective pain assessment: pain diagram, pain frequency, and visual analogue 
scale. 


NO 

PAIN h 


al., 1994). However, it is reasonable to broadly 
classify acute low back pain as being of 7 days or less 
duration, which may be followed by a sub-acute stage 
of up to 12 weeks; after this the pain can be 
considered chronic (Deyo, 1988). 

Deep tenderness of the spine, with or without 
cutaneous hyperalgesia, is usually due to local dis- 


ease of, or injury to, the tissues at the site of 
tenderness; almost entirely cutaneous tenderness is 
a referred phenomenon found in visceral disease 
(Mackenzie, 1985). It is necessary to differentiate 
between cutaneous and deep tenderness and, in the 
case of the latter, between tenderness elicited by 
pressing upon the spinous processes and tenderness 
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Table 20.1 Elements of the physical examination (adapted from Hoppenfeld, 1976; Mackenzie, 1985; Keim and 
Kirkaldy- Willis, 1987) 


Erect posture examination 


Observe for . 

fluidity of movement 
body build 

skin markings - cafe-au-lait spots, lipomata, & hairy 

patches often denote underlying neurologic or bone 
pathology 
posture 
deformities 
pelvic obliquity 
spine alignment 

Sacroiliac Joint '. 
examine for joint motion 

Test spinal column motion for . 

flexion 
extension 
side bending 
rotation 


Palpate for\ 
iliac crest levels 

anterior and posterior superior iliac spine levels 
any break in contour of spinous processes - 
(spondylolisthesis - Figure 13.16) 
muscle spasm 
trigger zones 
myofascial nodes 

supraspinous and interspinous ligament tenderness 
adjacent muscle tenderness 
sciatic nerve tenderness 
posterior aspect of coccyx 

relative motion between adjacent vertebrae (by motion 
palpation) 

Observe gait . 

Walking on heels (tests foot and great toe dorsiflexion) 
Walking on toes (tests calf muscles) 


Kneeling Seated 

Ankle jerk Straight leg raising; slump test 

Sensation on calf and sole Knee jerk 

Calf circumference measurement 


Supine 


Straight leg raising 

Flex thigh on pelvis then extend knee with foot 
dorsiflexed (sciatic nerve stretch) 

Hoover test * 

Kernig test (spinal cord stretch) * 

Tests to increase intrathecal pressure 
Milgram test * 

Naffziger test * 

Valsalva manoeuvre * 

Sacroiliac joint 
compression test 
pelvic rock test 
Gaenslen's sign * 

Fabere/Patrick test * 

Hip joint 

Fabere/Patrick test 
hip flexion 


Palpate abdomen: 

listen for bruit (abdominal and inguinal) 

Palpate for peripheral pulses and skin temperature 

Palpate for flattening of lumbar lordosis during leg raising 

Measure 

thigh circumference bilaterally 
leg lengths (anterior superior iliac spine to medial 
malleolus) for an approximate clinical impression of 
leg lengths 

Test sensation and motor power 


Prone 


Palpate Palpate trochanteric bursa 

sciatic nerve between ischial tuberosity and greater Spine extension 

trochanter 

ischial bursa Femur extension test for hip extension 

cluneal nerves crossing the iliac crest for renal 
tenderness and local tenderness or spasm 

* Sec Abbreviations and Definitions chapter. 
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Table 20.2 Possible causes of low back pain. (Reproduced with permission from Hart, F.D. (1985) Back, pain in. In 
French's Index of Differential Diagnosis (F.D. Hart, ed. ), 12th edn. Butterworth, Oxford, pp 72-73 ) 


Acute back pain 

- febrile disorders 

- injury 

Chronic back pain 

1. Traumatic, mechanical or degenerative: 

(a) Low back strain; fatigue, obesity; pregnancy (b) 
Injuries of bone, joint or ligaments, (c) Degenerative 
disease of the spine (osteoarthrosis) including 
ankylosing hyperostosis, (d) Intervertebral disc lesions. 

(e) Lumbar instability syndromes e.g. spondylolisthesis 

(f) Scoliosis; primary and secondary, (g) Spinal stenosis. 

2. Metabolic: 

Osteoporosis. Osteomalacia. Hyper- and 
hypoparathyroidism. Ochronosis. Fluorosis. 
Hypophosphataemic rickets. 

3. Unknown causes: 

Inflammatory arthropathies of the spine, such as 
ankylosing spondylitis and the spondylitis of Reiter's 
(Brodie's) disease, psoriasis, ulcerative colitis, Whipple's 
and Crohn's diseases Rarely polymyositis and 
polymyalgia rheumatica. Paget's disease of bone. 
Scheuermann’s disease. 

A . Infective conditions of bone, joint and theca of spine: 
Osteomyelitis. Tuberculosis. Undulant fever (abortus 
and melitensis). Typhoid and paratyphoid fever and 
other Salmonella infections. Syphilis. Yaws. Very rarely 
Weil's disease (leptospirosis icterohaemorrhagica). 
Spinal pachymeningitis. Chronic meningitis. 
Subarachnoid or spinal abscess 

5 Psychogenic: 

Anxiety. Depression. Hysteria. Compensation neurosis. 
Malingering. 


6. Neoplastic - benign ormalignant, primary or secondary: 
Osteoid osteoma. Eosinophilic granuloma. Metastatic 
carcinomatosis Bronchial carcinoma. Oesophageal 
carcinoma. Sarcoma. Myeloma. Primary and secondary 
tumours of spinal canal and nerve roots: ependymoma; 
neurofibroma; glioma; angioma; meningioma; lipoma; 
rarely cordoma Reticuloses, e.g. Hodgkin's disease. 

7. Cardiac and vascular: 

Subarachnoid or spinal haemorrhage. Luetic or dissecting 
aneurysm. Grossty enlarged left atrium in mitral valve 
disease. Rarely myocardial infarction. 

8. Gynaecological conditions: 

Tuberculous disease. Rarely prolapse or retroversion of 
uterus. Dysmenorrhoea. Chronic salpingitis. Pelvic abscess 
or chronic cervicitis Tumours. 

9 Gastrointestinal conditions: 

Peptic ulcers. Cholelithiasis. Pancreatitis. Rarely appendicitis, 
or from new growth of intra-abdominal viscus (colon, 
stomach, pancreas), or from retroperitoneal structures. 

10. Renal and genitourinary causes: 

Carcinoma of kidney Calculus. Hydronephrosis. Polycystic 
kidney. Necrotizing papillitis. Pyelitis and pyelonephritis. 
Perinephric abscess. Infection or new growth of prostate 

1 1 . Blood disorders: 

Sickle-cell crises. Acute haemolytic states 

12. Drugs: 

Corticosteroids. Methysergide. Compound analgesic tablets, 

13. Normality: 

(Non-disease). 


in the adjacent muscles (Mackenzie, 1983). Spinal 
disease is usually accompanied by local muscular 
spasm, and the muscles thus affected become ten- 
der, although they are not themselves the site of the 
disease (Mackenzie, 1985). This is important in the 
differential diagnosis as local spasm can be a 
response to disease of the vertebrae, intervertebral 
discs, or to the spinal cord and its membranes 
(Mackenzie, 1985). The chief morbid conditions 
causing spinal tenderness are summarized by Mack- 
enzie (1985) in Table 20.3. 


Mechanical low back pain 


As low back pain, with or without referred leg pain, 
of mechanical origin is the most common form of this 
condition, it deserves special mention. Poor muscle 
tone and posture are important factors in the 
aetiology of back pain of mechanical origin and can 
lead to hyperlordosis with, for example, narrowing of 


the intervertebral canal, especially in the lateral 
recesses (via impingement by the superior articular 
process of the inferior lumbar vertebra) (Keim and 
Kirkaldy-Willis, 1987). 

The intervertebral and zygapophysial joints at each 
spinal level can be affected by postural deficiencies 
and injury, causing mechanical degenerative changes 
which can lead to zygapophysial joint and nerve root 
syndromes, the pathogenesis of which has been 
described by Keim and Kirkaldy-Willis (1987) and 
Kirkaldy-Willis (1988). Figure 20.5 summarizes the 
pathogenesis of these degenerative changes. 

The following diagrammatic summary of clinical 
features of a herniated lumbar intervertebral disc 
indicate how the level of herniation can result in 
buttock and leg pain, numbness, weakness, atrophy 
and abnormal reflexes (Figure 20.6). 

Spontaneous recovery from disc herniation is well 
known and is an important aspect of treatment 
strategy (Fager, 1994). Furthermore, Saal and Saal 
(1989) reported 90% good or excellent outcome with 
'aggressive' non-operative treatment in a selective 
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Table 20.3 Summary of chief conditions causing spinal tenderness. (Reproduced 
with permission from Mackenzie, /. (1985) Spine, tenderness of. In French’s Index 
of Differential Diagnosis (F.D. Hart, ed.), 12th edn. Butterworth, Oxford, p. 788.) 


1. Diseases of the overlying skin and subcutaneous tissue 
These are rare and clinically obvious 

2 . Diseases of the vertebral column 

a. INFLAMMATORY 
Pott’s disease 

Staphylococcal spondylitis 
Typhoid spine 

b. DEGENERATIVE 
Spondylosis 
Osteochondritis (rare) 

c. NEOPLASTIC 
Secondary deposit 
Sarcoma 

d. TRAUMATIC 
Fracture 
Dislocation 

e. EROSION BY AORTIC ANEURYSM 


Spondylitis ankylopoietica 
Actinomycosis 
Hydatid cyst 
Paget’s disease 

Nucleus pulposus herniation 


Myelomatosis 
Leukaemic deposits 


Nucleus pulposus herniation 
Spondylolisthesis 


3 Diseases of the spinal cord and meninges 

Metastatic epidural abscess or tumour Herpes zoster 

Meningioma Meningitis serosa circumscripta 

Neurofibroma Tumour of the spinal cord 

Syringomyelia 

4 Hysteria and malingering: compensation neurosis 

5 . Metabolic disorders: osteoporosis, osteomalacia, hyperparathyroidism 



INTERVERTEBRAL DISC 
INTERNAL DISRUPTION 


CIRCUMFERENTIAL TEAR . 



Figure 20.5 This figure summarizes the pathogenesis of intervertebral disc and zygapophy- 
sial joint functional and degenerative changes, as well as the development of nerve root 
entrapment syndromes. 
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Figure 20.6 Clinical features of a posterolateral lumbar 
intervertebral disc herniation. C = conus medullaris; 
D = dural tube; E = epidural space; F = fdum terminate; 
S = subarachnoid space. (Modified from Wilkinson, J.L. 
(1986) Neuroanatomy for Medical Students John Wright 
and Sons, Bristol, p. 46; Keim, H.A. and Kirkaldy-Willis, W.H. 
(1987) Low back pain. Clinical Symposia, 39, 18, Ciba- 
Geigy; Bigos, S., Bowyer, O., Braen, G. et al. (1994) Acute 
Low Back Problems in Adults. Practice Guideline, Quick 
Reference Guide Number 14. US Department of Health and 
Human Services, Public Health Service, Agency for Health 
Care Policy and Research, Rockville, MD, AHCPR Pub. No. 
95-0643.) 


group of patients with confirmed disc herniation and 
radiculopathy. Also, lumbar intervertebral disc extru- 
sions can morphologically change in a manner 
consistent with resorption when treated non-surgi- 
cally (Saal et al., 1990). However, the indications for 
surgery will be discussed in Chapter 21. 

Although the zygapophysial joint is now universally 
accepted as an important source of back pain 
(Mooney and Robertson, 1976; Schwarzer et al., 
1994a, b; Stolker et al., 1994), and its neurolog)' is 
more accurately understood (Giles, 1989; Gronblad et 
al., 1991a, b), the existence of the ‘facet syndrome' 
(Ghormley, 1958) as a clinical entity is still ques- 
tioned by some (Kuslich et at., 1991; Jackson, 1992; 
Schwarzer et al., 1994a,b). However, it is well 
accepted and supported by others (Kirkaldy-Willis 
andTchang, 1988; Weinstein, 1988; Yong-Hing, 1988; 
Empting-Koschorke et al., 1990; El-Khoury and 
Renfrew, 1991; Goupille et al., 1993). 


Imaging 


Routine radiographs of the lumbosacral spine and 
pelvis, as well as the thoracic spine, should be taken 
to establish a baseline and to rule out metabolic, 
inflammatory, and malignant conditions (Keim and 
Kirkaldy-Willis, 1987). These radiographs should be 
taken in the erect posture, using carefully standar- 
dized procedures, to determine accurately whether 
possibly significant leg length inequality is present 
with corresponding pelvic obliquity (Giles andTaylor, 
1981; Giles, 1984, 1989). In some cases, left and right 
lateral bending radiographs can be helpful in local- 
izing a motion segment problem, e g. due to inter- 
vertebral disc herniation (Duncan and Hoen, 1942; 
Sandoz, 1971;Weitz, 1981 ; Giles, 1989). Also, instabil- 
ity at given spinal levels can be demonstrated using 
dynamic radiography in some conditions (Morgan 
and King, 1957; Boden and Wiesel, 1990; Shaffer et 
al., 1990; Sato and Kikuchi, 1993; Toyone et al., 
1994). These conditions include isolated posterior 
slippage in extension, combined posterior opening 
and forward translation in flexion (Sato and Kikuchi, 
1993) However, an unequivocal definition of instabil- 
ity in lumbar disease has yet to be established, as does 
the relationship between radiologically demonstrable 
lumbar instability and clinical symptoms (Sato and 
Kikuchi, 1993; Frymoyer and Krag, 1986). 

Further imaging procedures may be necessary such 
as (i) magnetic resonance imaging, which can provide 
very good detail of soft tissue structures in and about 
the spinal column and pelvis without the need of 
contrast, (ii) computed tomography scans which are 
particularly good at showing bony structures and are 
useful for some neural problems, (iii) myelography 
which, although invasive, is a further possibility if 
necessary, especially when surgery is contemplated, 
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and (iv) bone scans when tumour, infection or small 
fracture(s) are suspected. 

Unfortunately, all the above procedures have some 
limitations, for example plain film radiographs will 
not show an osseous erosion until approximately 40% 
decrease in bone density has occurred (Michel et al., 
1990). In addition, MRI may not show signs of 
traumatic lumbar disc herniation until some months 
later (Ando and Mimatsu, 1993). Furthermore, it is 
well known that there is a high rate of false positive 
findings as a result of asymptomatic degenerative 
changes. Therefore, these several limitations show 
that imaging procedures may only give a shadow of 
the truth’ and this important fact should be remem- 
bered. This is particularly true when a patient's 
physical examination and imaging studies are not 
remarkable and do not pinpoint the cause of symp- 
toms. The limitations of present diagnostic imaging 
procedures in not being able to show all soft tissue 
lesions, such as some of those shown histologically in 
Chapters 3, 4, 5, 6, 12, 13 and 14 is a serious 
shortcoming. In Chapter 18, advantages and limita- 
tions of imaging procedures are explained in great 
detail. 

When nerve root dysfunction is suspected, electro- 
myography (EMG) and nerve root conduction studies 
can be helpful (Hoppenfeld, 1977; Chusid, 1985). 


Laboratory tests 


When bony pathology is suspected, serum (i) cal- 
cium, (ii) phosphorus, (iii) alkaline phosphatase 
(particularly alkaline phosphatase isoenzyme deter- 
mination by electrophoresis, which differentiates 
alkaline phosphatase of osteoblastic origin from 
alkaline phosphatase from other sources (Brown, 
1975)), and (iv) prostate-specific antigen (for males 
over 40 years of age) may be helpful in detecting 
bone disease. Early inflammatory changes may be 
detected by an increase in C-reactive protein and in 
the erythrocyte sedimentation rate (ESR). An abnor- 
mal full blood count can be helpful, for example, in 
cases where there is suspicion of primary haemato- 
logical disorders and for some infections (Henderson 
et al., 1994). Serum immunoelectrophoresis of serum 
and urinary proteins may also be useful diagnostic 
procedures, in the diagnosis of multiple myeloma 
(Brown, 1975). Other tests which should be con- 
sidered, when indicated, are urine culture and 
sensitivity for infection in genitourinary tract infec- 
tions as well as latex flocculation for rheumatoid 
spondylitis, serum and urine amylase and lipase for 
chronic pancreatitis (Collins, 1968; Schroeder et al., 
1992). 

In this chapter it is not necessary to list every spine- 
related condition with its possible abnormalities in 
serology, haematology, urinalysis and other laboratory 


tests, as these have been well documented in 
numerous clinical diagnosis texts, including illustrated 
versions (Collins, 1968). In some cases, particular 
reference to painful syndromes associated with the 
spine have been summarized (Haldeman et al., 1993; 
Henderson etal, 1994). 

Laboratory evaluations are important when the 
clinician suspects metabolic disturbance, malignancy, 
infection or one of the arthritides such as ankylosing 
spondylitis or rheumatoid arthritis. Nonetheless, it 
should be noted that various tests have different 
levels of accuracy which is calculated from the 
sensitivity (proportion of individuals with the condi- 
tion whose tests are positive), and the specificity 
(proportion of individuals without the condition 
whose tests are negative (Bloch, 1987; Nachemson, 
1992; Henderson et al., 1994)). 


Physical examination 


In many cases, the shortcomings of physical examina- 
tion and imaging procedures are recognized. How- 
ever, the value of subjective pain diagrams (Figure 
20.4), including the visual analogue scale, and simple 
psychological questionnaires, for example, Oswestry 
Back Pain Disability Questionnaire (Fairbank et al., 
1980), Neck Disability Index Questionnaire (Vernon 
and Mior, 1991), Psychosocial Assessment Ques- 
tionnaire (Main and Waddell, 1984) are accepted for 
their valuable role in helping the clinician to come to 
a probable diagnosis. 


Treatment 


It is important to realize that effective treatment must 
be based on an accurate exclusion diagnosis of the 
aetiology of back pain, with or without referred leg 
pain, bearing in mind that, in the majority of cases of 
back pain with or without referred leg pain of 
mechanical origin, a precise diagnosis cannot be 
made (Margo, 1994). However, it is essential to 
exclude disease processes and psychological condi- 
tions which should be treated by a medical or surgical 
approach, rather than by spinal mechanical therapy. 
In the preceeding chapter, psychosocial and psychiat- 
ric approaches were described, and in Chapter 21, 
medical and surgical approaches to the problem of 
low back pain with or without referred leg pain of 
mechanical origin are presented. This is followed by 
chiropractic (Chapter 22), osteopathy (Chapter 23) 
and physiotherapy (Chapter 24) approaches to 
mechanical spinal pain with or without referred leg 
pain. In some instances, particularly chronic pain 
syndromes, patients would obviously benefit from a 
multidisciplinary team approach. 
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Medical and surgical management of low back 
pain of mechanical origin 

Bruce R. Knolmayer, Robert McAlindon and Sam W. Wiesel 


Introduction 


Mechanical disorders of the lumbosacral spine are the 
most common cause of low back pain. Mechanical 
back pain may be defined as pain secondary to 
overuse, injury, or deformity of a structure. These 
disorders are generally quite specific and local in 
nature, affecting a specific anatomic location or 
relationship. Systemic illness plays no role in the 
aetiology of mechanical low back pain. The presence 
of systemic complaints should alert the clinician that 
the cause of pain may not be lumbosacral in nature. 
Mechanical disorders often have cyclical periods of 


pain followed by periods of partial resolution. They 
often are exacerbated by specific activities and 
relieved by others. Both the medical history and 
physical examination can help localize the disorder to 
specific locations within the lumbosacral spine. A 
good history and physical examination along with the 
proper imaging studies should suffice in formulating 
a working diagnosis of the mechanical pathology. This 
chapter will review the five most common mechan- 
ical disorders that cause symptoms: back strain, 
herniated disc, spinal stenosis, and spondylolisthesis 
(Table 21.1). Each will be addressed with regard to 
history, physical, diagnostic studies, prognosis, and 
treatment. 


Table 21.1 Comparison of the mechanical causes of low back pain 
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Back strain 


Definition 

Back strain is defined as a non-radiating low back pain 
associated with a mechanical stress to the lumbosac- 
ral spine. Most people with low back pain actually 
have an underlying mechanical cause (Nachemson, 
1976). Furthermore, 60-70% will have back strain as 
a common cause among those with mechanical low 
back pain. 

Pathophysiology 

Back strain may result from a variety of underlying 
conditions with several different causes. These 
include damage to muscle and ligaments, microtears 
in the anulus fibrosus, or an anatomic abnormality. 
Muscle strain leading to symptoms may occur by 
several different mechanisms. Direct or indirect 
trauma may cause muscle fibre damage. This damage 
to the muscle unit may be a simple stretching of the 
myofibrils, or a complete disruption of the musculo- 
tendinous unit. Muscle fatigue and overuse may also 
lead to muscle strain. As a muscle fatigues, it depletes 
its natural aerobic energy sources and must depend 
on anaerobic mechanisms for fuel. The byproduct of 
anaerobic mechanisms, lactic acid, tends to accumu- 
late in these circumstances. If lactate levels reach a 
high enough concentration, crystallization may 
occur. These lactate crystals, and indeed the lactate 
itself, act to mechanically irritate, inflame, and 
damage the muscle -ligamentous unit. Inflammation 
of the muscle fibres initiates a complex cascade 
which itself, leads to further accumulation of acute 
phase reactants and which may perpetuate the 
inflammatory response. Pain and oedema ensue, and 
the patient experiences low back pain. Furthermore, 
muscle spasm may also lead to muscle strain 
Prolonged contraction will, eventually, lead to 
impaired blood flow to the muscle itself. If the 
contraction persists, transient ischaemia results 
which can lead to pain. Paraspinous muscles may 
become deconditioned after injury. This diminution 
of muscle mass is observed clinically as a decrease in 
muscle power. Both fatiguability and strength may be 
compromised in an individual who is then at risk for 
further muscle injury, and pain, as a result of any 
physical activity. 

Low back pain due to muscle strain may also be seen 
in individuals who undertake activity in excess of the 
support provided by the muscular- ligamentous - bony 
axis.The force placed on the lumbosacral spine cannot 
be resisted by the musculature or, if the muscle is 
fatigued by the force, the force eventually becomes 
transmitted to the ligaments, zygapophysial (facet) 
joints, and eventually the disc. Disruption of annular 


fibres may occur, which can generate pain (Farfan el 
al., 1970). The facet joints then become subjected to 
increased weight-bearing. This may lead to premature 
wear on the articulations, as well as arthritic sympto- 
matology. Both the anular fibre Assuring, as well as the 
facet joint becoming a load bearing structure, may lead 
to back strain. 

If the lumbosacral spine or surrounding structures 
are anatomically abnormal, ‘normal motion' may 
result in strain pain (Borenstein et al. , 1995). Patients 
with abnormal or asymmetric facet joints have 
restriction of motion. With this in mind, joint surfaces 
may receive different amounts of load as compared to 
normal individuals. A greater degree in orientation, or 
abnormality in orientation of the facet joints, as 
compared to those in a normal spine, will suggest a 
differing amount of load transferred across their 
surfaces. Supporting structures around the facet 
joints may then be forced to bear a greater burden of 
load as a compensatory mechanism. In this instance, 
normal motions are gained only through abnormal 
mechanisms. This may lead to damage in the com- 
pensatory structures including the muscles, liga- 
ments, discs, and some bony structures. This ana- 
tomic variation may be located anywhere within the 
postural axis from the thorax to the lower back/pelvis 
to the legs. An example of this process may be the 
low back pain found in the patient with tight 
hamstrings. Tight hamstrings limit full extension of 
the lumbar spine, resulting in greater stretching 
forces being placed on the interspinous ligaments. 
This continuous stress on the ligaments may even- 
tually lend itself to strain and pain. 

History, physical examination and 
diagnostic studies 

When questioning patients about their back pain, 
they often complain of low back pain which does not 
radiate. The pain may be limited to a small focal area, 
or it may involve a wide diffuse area, of the 
lumbosacral spine. There may be referred-type pain to 
the buttocks or the posterior thigh, since both lower 
back and posterior thigh structures originate from 
the same embryonic origin. This pain never radiates 
below the knee, and should not be confused with 
true radiculopathy. If the low back pain is sudden in 
onset, and follows a known injury, it will worsen in 
both intensity and size of distribution over a few 
hours. This change in pain characteristic probably 
represents an inflammatory oedema in the injured 
structure, with a concomitant reflex contraction of 
the surrounding musculature. Flexion and/or exten- 
sion of the spine during this period may also 
exacerbate the pain. 

The usual physical findings are limited to local 
tenderness over the involved area with limited 
motion. Patients with low back pain often have 
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painful attacks that will vary and may be stratified 
into three levels. Mild back pain is associated with 
subjective pain without objective findings. Patients 
are frequently able to return to their usual activities in 
less than a week. Moderate back strain is charac- 
terized by pain as well as a physical objective finding, 
such as decreased range of spinal motion or palpable 
muscle spasm. Activity is generally limited for 2 
weeks. Severe back strain may cause patients to tilt 
toward one side when ambulating. Ambulation itself 
becomes difficult, and full recovery may take as long 
as 6-8 weeks. The patient with back strain has no 
neurological deficits. Both radiographic and labo- 
ratory findings in patients with back strain are 
normal. If the clinician is confident in his diagnosis of 
back strain, then no radiographic examination is 
necessary (Deyo and Diehl, 1986). 

Treatment and prognosis 

Therapy for patients with low back strain includes 
controlled physical activity, non-steroidal anti-inflam- 
matory medications, muscle relaxants, and physical 
therapy. A short period of bed rest, generally less than 
2 days, should be sufficient to allow the pain to 
subside. Bed rest of 7 or more days has been shown 
to be of no additional benefit to the patient with back 
strain (Deyo et al . , 1986). Initially, limited physical 
activity allows the injured tissues to rest, permitting a 
greater opportunity for healing without re-injury. 

Non-steroidal anti-inflammatory medications are 
helpful in making patients comfortable while their 
injury heals. Rapid onset medications are recom- 
mended and must be continued until the patient’s 
symptoms have resolved. Muscle relaxants are helpful 
in patients with palpable spasm or muscle pain which 
either limits daily activities or inhibits normal sleep- 
ing patterns. The combination of non-steroidal anti- 
inflammatory medication, and muscle relaxant ther- 
apy, is quite effective at blunting the acute pain and 
allowing early mobilization of the lower spine in 
patients with back strain. Furthermore, physical 
therapy modalities may help to decrease pain and 
spasm. As soon as the very acute pain is diminished, 
patients are encouraged to increase their physical 
activity. A physical therapist may be of benefit in 
encouraging mobility and helping to maintain range 
of motion in the patient. A local injection of 
anaesthetic may help relieve muscle spasm in patients 
refractory to the NSAID/muscle relaxant protocol. 
The injection provides an anaesthetic relief to the 
local pain, and may also block the reflex spasm which 
may occur with back strain. Braces are reserved only 
for those patients who must remain active during the 
healing phase. The braces help to limit the amount of 
motion that may lead to impairment of healing and 
may also add an element of support to the damaged 
musculoskeletal bony axis. 


Patients with back strain generally improve over a 
2-week period. About 90% of patients are free of back 
strain symptoms by 2 months (Dillane et al., 1966). 
Recovery can be expected to be complete and 
without lasting impairment. Ten percent of patients, 
however, may continue to experience low back pain. 
The pain may continue for months or years. These 
individuals who develop a chronic pain after back 
strain must be evaluated and treated in a manner that 
takes into account the specific difficulties of individ- 
uals with chronic low back pain. A more extensive 
protocol including psychiatric support, vocational 
rehabilitation, and physical therapy may be neces- 
sary. 

The vast majority of patients with an episode of 
low back strain are at risk for future episodes which 
are more severe and of greater duration (Troup et al., 
1981). The risk for an additional episode of back pain 
lessens after 2 years. About one-half of all patients can 
expect a second episode of back strain within 5 
years. 


Acute herniated nucleus pulposus 


Definition 

A herniated disc can be defined as a protrusion of the 
nucleus pulposus through the fibres of the anulus 
fibrosus (Mixter and Barr, 1934). Most disc ruptures 
occur in the third or fourth decade of life, while the 
nucleus is still gelatinous. The herniation usually 
protrudes in a posterolateral direction, tending to 
compress the adjacent nerve root. Herniation can be 
classified as bulging, protruding, extruding, or 
sequestered (American Academy of Orthopaedic Sur- 
geons, 1987). In the bulging and protruding types, 
the posterior longitudinal ligament remains intact 
although the nucleus pulposus impinges on the 
anulus fibrosus. In the extruding type, the nucleus 
pulposus is emerging through the anulus fibrosus but 
is confined by the posterior longitudinal ligament. On 
the other hand, in the sequestered type, the ligament 
has been disrupted and a portion of the disc has 
protruded into the epidural space. 

Pathophysiology 

Intervertebral discs protrude because of attritional 
and degenerative changes. Disc degeneration itself 
may play a role in low back pain but it also is very 
important in herniation of the intervertebral discs. 
The intervertebral discs themselves are composed 
primarily 

Beginning early in the third decade of life, the 
collagenous bundles begin to show signs of deteriora- 
tion, which progresses throughout life. 
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The mechanism by which disc herniation causes 
irritation of the nerve root is not fully understood, but 
is believed to be a result of mechanical and chemical 
factors A mechanical compression can be expected 
to cause ischaemia and ipsilateral neurologic dysfunc- 
tion, with inflammation of the compressed root. An 
injured disc may also result in production of irritant 
substances which can leak into the spinal canal, 
causing irritation of the nerve roots. 

The most likely time of day for disc herniation is in 
the morning. This probably represents an optimal 
opportunity for herniation when such factors as disc 
height, disc water content, and spinal position are 
considered The herniation usually occurs through a 
defect just lateral to the midline posteriorly, where 
the posterior longitudinal ligament is weakest. The 
most common levels of herniation are L5-S1 and 
L4-L5 which account for about 90% of all herniations 
(Sprangforth, 1972), Only 35% of all patients with a 
herniated disc will develop radiculopathy. The devel- 
opment of radiculopathy depends on the size of the 
individual’s canal, the location of the herniation, and 
the extent to which the herniation occurs. Patients 
with very capacious spinal canals may have no 
impingement of the spinal root by the nucleus 
pulposus. As a result, radiculopathy may be totally 
absent, and back pain may be minimal. Patients with 
smaller canals have no room for the protruding 
nucleus, and impingement of the neural elements will 
occur. As expected, the greater the amount of nucleus 
that protrudes, the greater the chance for neural 
compromise, while bulging discs in which the 
nucleus does not completely penetrate the anulus 
may produce minimal symptoms. Central protrusions 
may affect neural elements at lower levels. Discs 
which protrude in an extremely lateral position may 
affect the nerve root at that level. The common 
location of a mid-lateral herniation will affect the 
inferior nerve root An L5-S1 mid-lateral herniation, 
for example, primarily involves the SI nerve root. 

History, physical examination and 
diagnostic studies 

The patient typically presents with a sharp, excruciat- 
ing pain. It may not only present in the lower back, but 
may also radiate down the leg in the anatomic 
distribution of the affected nerve root. In many cases, 
there may be a prior history of intermittent episodes of 
low back pain. These episodes may represent fissuring 
or tearing of the anulus and subsequent inflammation 
of the sinuvertebral nerve. The disc herniation itself 
occurs with a sudden physical effort when the trunk is 
flexed, or rotated. The radiculopathy may vary in 
intensity. Some patients are unable to ambulate 
because of pain and may feel as though their back is 
locked. Other individuals may only experience a dull 
ache which increases in intensity with ambulation. In 


general, the radiculopathy is worsened when the 
spine is flexed and relieved when the spine is 
extended. Those with herniated discs may have 
increased pain with sitting, driving, walking, cough- 
ing, or performing a Valsalva-type manoeuvre. 

Patients with herniated discs either may have no 
objective physical findings or may exhibit a large 
variety of them. Many of the physical examination 
findings depend on the amount of neural involve- 
ment, and the irritation of the sinuvertebral nerve, 
with its subsequent back pain symptomatology. Many 
patients will demonstrate a decrease in the range of 
motion of the lumbosacral spine. Patients may list to 
one side as they bend forward. When ambulating, 
patients may exhibit an antalgic gait, or hold the 
involved leg flexed, in order to minimize the weight 
bearing on the affected side. 

The neurological examination can be quite varia- 
ble. Objective evidence of nerve root compression 
may, or may not, be present. It is possible to have 
mild nerve root impingement that causes pain yet 
leaves enough room for the nerve root to function 
normally. In this example, no motor abnormality 
would be seen. The neurological examination may 
also help to localize the level of nerve root impair- 
ment A mid-lateral L5-S1 disc herniation will affect 
the SI nerve root, as mentioned above. The patient 
may display gastrocnemius or soleus weakness, and 
posterior calf sensory changes. The patient found to 
have weakness in great toe extension, and a sensory 
deficit over the anterior leg, would most likely have 
herniation at the L4-L5 level with compression of the 
L5 root. Nerve root sensitivity can be demonstrated 
by manoeuvres that place the root under tension. The 
straight leg raising test is probably the most common. 
This test is considered positive if pain develops below 
the knee, or if the patient's radicular symptomatology 
is reproduced, when the leg on the affected side is 
flexed at the hip. This places that nerve on stretch, 
thereby exacerbating the radicular-type symptoms. 
Back pain and/or buttock pain alone does not 
indicate a positive test in this instance. 

Plain X-rays may be entirely normal in patients with 
herniated discs. CT scan, myelography, and MRI are 
helpful in discovering the pathology and determining 
the exact level. The CT scan may demonstrate a disc 
bulge but may not be sensitive enough to determine 
the exact level of neural compromise. Myelography is 
good in identifying the affected level but is invasive 
and has the potential risks of dye toxicity and dural 
pathology. As a result, MRI has become the gold 
standard for clinical diagnosis (Figure 21.1). Both 
posterior and far lateral herniations can be detected 
with this imaging modality. Migratory fragments may 
also be discovered. It is important to remember that 
the radiographic finding of herniation becomes 
important only in the clinical setting of a patient who 
demonstrates historical and physical findings of 
radiculopathy. 
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Figure 21.1 MRI of the lumbar spine. Transverse (A) and sagittal (B) views of a 53-year-old man with chronic low 
back pain, associated with radicular symptoms This MRI in the transverse view reveals a large herniated disc at the 
L3-L 4 intervertebral level (arrow). The sagittal view demonstrates this herniation (white arrows) (courtesy of 
Dr L.G.E Giles). 


Treatment and prognosis 

Eighty percent of patients with herniated discs wiJI 
respond to non-operative treatment (Weber, 1978). In 
the majority of cases, this is sufficient to allow return 
to normal daily function. If patients have insight into 
the rationale for treatment, the chances for success 
are very good. The primary element for non-operative 
management is controlled physical activity. For the 
first few days, bed rest may be necessary in acute 
herniation. The semi-Fowler position, in which the 
hips and knees are flexed, minimizes intradiscal 
pressure and decreases nerve root tension (Boren- 
stein et al ., 1995). Once the acute pain has subsided, 
the patient is gently mobilized. Sitting is minimized 
because it causes increased pressure on the nerve 
root. Ambulation is increased as tolerated, while 
exercises, which increase back and abdominal 
strength as supportive measure are undertaken. 

Drug therapy, including muscle relaxants and non- 
steroidal anti-inflammatory medication, may also be 
used. The symptoms of low back pain and radiculo- 
pathy are influenced by a large inflammatory 
response to the herniation itself. The patient’s pain 


will generally be relieved once the inflammation 
controlled. There may be a small amount of residual 
numbness or tingling in the involved extremity', but 
this is usually tolerable to the patient. If an adequate 
course of non-steroidal anti-inflammatory medication 
has proven unsuccessful, a short course of steroidal 
medication may be attempted. Muscle relaxants are 
used in patients with uncontrollable muscle con- 
tracture associated with nerve root compression. The 
majority of these medications provide a tranquillizing 
effect which may be beneficial in the acute phase of 
herniation as well. 

The next alternative in treatment is an epidural 
steroid injection. This medication is injected directly 
into the epidural space, near the area of the nerve 
root compression. Epidural injections have been 
shown to be 40% effective in actually relieving 
radicular pain. The maximum benefit is usually 
achieved within 2 weeks. These injections may be 
repeated another one or two times if some benefit 
has been observed. 

Surgical intervention is reserved for patients in 
whom conservative measures have failed. Patients 
who have persistent pain, radicular symptomatology, 
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and abnormal physical findings, as well as radio- 
graphic evidence of pathology, are candidates for 
surgical intervention. If the frequency and intensity 
of attacks are severe enough to interfere with the 
individual's ability to pursue employment and enjoy 
normal activities of daily living, surgery may be 
necessary. 


Spinal stenosis 


Definition 

Spinal stenosis can be defined as narrowing of the 
spinal canal. The actual mechanical pressure exhib- 
ited on the contained neural structures will deter- 
mine the degree of narrowing. The classification of 
spinal stenosis includes developmental and acquired 
forms. Degenerative causes are responsible for the 
vast majority of individuals with lumbar spinal 
stenosis. 


Pathophysiology 

Spinal stenosis represents an end point of the long- 
term arthritic process. Osteoarthritis is nearly univer- 
sally present in individuals over 75 years of age 
(Lawrence el al., 1966). This osteoarthritis, which 
commonly affects the lumbosacral spine, is a slowly 
progressive disorder which will lead to eventual 
narrowing of the spinal canal or frank spinal stenosis. 
The aetiology of osteoarthritis is multifactorial and 
implicated are genetic, biomechanical, and biochem- 
ical factors. Major changes occur in the lumbar spine 
between the third and fifth decades of life. The 
earliest changes are seen in the intervertebral discs. 
The nucleus pulposus loses water content and 
becomes firm. The anulus also fissures and begins to 
degenerate. As the disc loses height, stress is trans- 
mitted to the posterior elements including the 
ligaments and facet joints. These structures are ill- 
suited to sustain compressive, tensile, and shear 
loads. Capsular strain, hypermobility, and degen- 
erative changes develop around the facet joints and 
osteophyte formation occurs both along the end- 
plates and the neural foramina. 

Biochemical and metabolic alterations in articular 
cartilage herald the onset of facet joint disease. The 
normal proteoglycan content present in articular 
cartilage changes over time and, with it, its mechan- 
ical properties. The shock absorbency of the cartilage 
is proportional to the proteoglycan content and its 
ability to bind water. The normal amount of proteo- 
glycan diminishes with age and the glycosaminogly- 
can composition also changes. Chondroitin sulphate 
is reduced and eventually replaced with keratin 


sulphate (Mankin, 1974). The result of these altera- 
tions lead to an excess amount of water retention by 
the cartilage itself. The shock absorbency is altered 
and the normal collagen matrix is disrupted (Mankin 
and Thrasher, 1975). 

Biomechanical factors also alter cartilage which 
further leads to cartilage destruction. Coincidentally, 
along with the disc and facet joint cartilage changes, 
the ligamentum flavum also changes in response to 
abnormal stress. The ligament is compelled to assume 
variable tensile loads, brought on by the loss of disc 
height, and may undergo hypertrophy. 

The osteophytic spurring, the cartilaginous loss, 
the facet hypermobility, and the hypertrophied liga- 
mentum flavum all act to diminish the spinal canal 
size. Disc degeneration, the earliest manifestation of 
this process, may be painless. Once facet joint 
dysfunction occurs, pain may result. This stage of 
disease may have pain limited to a very local area 
directly over the joint itself. Extension of the spine 
will exacerbate symptoms at this time. 

Symptoms of neural compromise, including radicu- 
lopathy and pseudoclaudication only occur when the 
disease process causes mechanical compression of 
the nerve root. The degree of symptomatology 
depends on the extent of the disease, the capacity of 
the spinal canal, and the shape of the canal. Patients 
with trefoil-shaped canals have been found to have 
greater susceptibility to spinal stenotic syndromes. As 
the spine ages, postural alterations (mainly increased 
lordosis) occur. These postural changes can lead to 
chronic muscle tension, back strain, and further 
worsening of low back pain symptoms. 

The pathogenesis of symptoms of spinal stenosis 
remain unclear. Pseudoclaudication symptoms may 
stem from compression of vascular structures which 
result in diminished blood flow to the nerve root 
(Jellinger and Neumayer, 1972). This compression 
may affect arteries, capillaries, or veins. Another 
theory suggests that direct mechanical pressure on 
the nerve root leads to pseudoclaudication symp- 
toms as well. Radicular symptoms in spinal stenosis 
closely mimic those seen with a herniated disc. 
Direct mechanical compression on the nerve root, 
either from the ligamentum flavum, an osteophyte, 
or an inflamed facet joint capsule, can cause sen- 
sory or motor impairment as well as pseudoclau- 
dication. 

History, physical examination, and 
diagnostic studies 

Patients with osteoarthritis and spinal stenosis of the 
spine may complain of a broad range of symptoms. 
Patients with degenerative arthritis of the facet joints 
develop midline pain in the back, directly over those 
joints. Any body motion that compresses these joints, 
such as extension, worsens symptomatology. As the 
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degenerative process continues, symptoms of canal 
compromise and neural impairment surface. Pseudo- 
claudication is associated with pain in the buttock, 
thigh, or leg that develops with standing or walking 
in the presence of normal blood flow. Walking 
distance may be curtailed. The majority of patients 
have both back and leg pain, and it is not unusual to 
have both legs affected at the same time. Any position 
that flexes the lumbar spine will be associated with 
some resolution of symptoms, while spinal extension 
worsens symptomatology. The physical findings in 
those patients with osteoarthritis and/or spinal sten- 
osis can be variable. The patients may have a mild 
decrease in range of motion of the spine, or mild pain 
over specific facet joints. With more extensive dis- 
ease, nerve impingement becomes a concern. Pseu- 
doclaudication can be variable, from mild pain at the 
ends of long walks to severe pain simply with 
standing. Objective signs of muscle weakness, atro- 
phy, and asymmetry of reflexes, may be noted. The 
patient’s symptoms can often be reproduced on 
walking and positive neurological findings can be 
observed. This exercise trial may be referred to as a 


stress test’ because it elicits the patient's symptoms, 
and aids in the diagnosis. In many cases, however, no 
objective clinical findings can be found on physical 
examination. 

Plain radiographs are very helpful in visualizing 
osteophytic changes of the spine. Intervertebral disc 
degeneration is seen by narrowing of disc height. 
Traction osteophytes, decreased interpedicular dis- 
tance, decreased sagittal diameter, and facet degener- 
ation may be evident on plain radiographs. CT scan 
can help determine the shape and size of the canal 
and also the amount of canal impingement. Myelog- 
raphy will demonstrate subtotal or total obstruction 
of the canal by demonstrating inhibition of dye 
column flow down the spinal canal (Figure 21.2). A 
combined CT-myelogram is an excellent study, since it 
is dynamic and allows clear documentation of loca- 
tions which are severely compressed. The role of MR1 
continues to be developed but at present is still 
limited because it is a static examination. With newer 
three-dimensional and contrast-imaging techniques, 
the MR1 will increase in effectiveness for diagnosis of 
this disorder. 



Figure 21.2 Myelogram of a 30-year-old man with sig- 
nificant stenosis at the L4-L5 region of the spine (arrow). 
This represents lateral (A) and postero-anterior (B) radio- 
graphs taken during the dynamic study (courtesy of Dr L.G F 
Giles). 


Treatment and prognosis 

The majority of patients with spinal stenosis or 
osteoarthritis of the spine can be treated non- 
surgically. Non-steroidal anti-inflammatory agents 
help control symptoms. Lumbosacral corsets are 
helpful in reminding the patient to avoid excessive 
spinal movement. Short courses of oral steroids are 
used in patients with extreme symptoms refractory to 
non-steroidal medication. Epidural steroids may be 
introduced, and have a direct effect on blunting the 
inflammatory response at the nerve root level These 
non-surgical modalities may be repeated as necessary. 
Physical therapy, including deep heat, ultrasonog- 
raphy, and massage, may help to alleviate some of the 
low back symptoms associated with spinal stenosis 
and osteoarthritis. Although these modalities may 
provide short-term relief, it rarely provides long-term 
relief. Unfortunately, no cure exists for osteoarthritis, 
and as such, most patients with spinal stenosis have a 
relapsing in course with recurrent episodes of pain. 
Through modification of activities, and treatment of 
recurrences, however, most are able to avoid oper- 
ative intervention. 

Operative therapy requiring laminectomy to free 
the nerve root may be necessary in 
refractory to non-operative measures. Although the 
symptoms may be unilateral, a complete bilateral 
laminectomy to prevent future contralateral sympto- 
matology is recommended. When the operation has 
been completed, all residual mechanical pressure on 
the nerve roots should have been eradicated by the 
procedure. 
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Spondylolisthesis 


Definition 

Spondylolisthesis is a condition in which all or part of 
the vertebral body has translated forward on another. 
The posterior elements, which include the facet 
joints, pedicles and lamina, and the pars inter- 
articularis, are responsible for maintenance of the 
normal vertebral alignment. Without these structures, 
the remaining support of the column, including the 
anterior and posterior ligaments in the vertebral disc 
axis, is ill-suited to maintain normal spinal alignment. 
Should any disruption occur in any or all of these 
posterior supporting structures, translocation of one 
vertebral body forward on top of an adjacent verte- 
bral body may occur. 


Pathophysiology 

The underlying defect in most cases of spondylo- 
listhesis is a defect in the pars interarticularis. There 
also appears to be anunderlyinggenetic component in 
many cases. Five types of spondylolisthesis are 
commonly recognized, types 1-V (Wiltse etal., 1976). 

Type I, or dysplastic spinal listhesis is secondary to 
a congenital defect of either the superior sacral, or 
inferior L5, facets with slipping of the L5 body 
anteriorly on SI. The dysplastic spondylolisthetic 
patient has the defect present at birth. Usually, only a 
short period is needed until translation occurs. 

Type II, or isthmic, represents the most common 
form of spondylolisthesis and may be secondary to a 
fracture or defect in the pars interarticularis, termed 
spondylolysis (Figure 21.3). The defect, if bilateral, 
will allow the eventual forward translation to occur. 
The actual pars defect may be an elongation which 
may represent a repaired fracture, a healing fracture, 
or a subacute fracture. The exact etiology of this 
defect in the spondylolytic patient is not clear. The 
lesion is rarely seen in children less than 5 years old. 
The most popular explanation is that the defect 
occurs in genetically predisposed individuals. The 
fracture eventually occurs through this weakened 
segment. The fracture itself is generally thought to be 
a fatigue-type fracture caused by repetitive continued 
subacute stresses. In the end, predisposed individuals 
who participate in sporting activities become more 
susceptible to this translation. Gymnasts and wres- 
tlers may develop the condition early in life. Spondy- 
lolisthesis is a common cause of back pain in young 
individuals and is actually the most common cause of 
back pain in patients under the age of 26 years old. 

Type III, or degenerative spondylolisthesis, occurs 
secondary to degeneration of the lumbar facet joints, 
with alteration of joint anatomy. There is no pars 
defect present in such a situation. The facet orienta- 



Figure 21.3 Lateral spot view of the lumbosacral junction 
demonstrating a type I spondylolisthesis with 25% slippage 
of the vertebral body (black arrow). Note also the pars 
defect as shown by the white arrow. This radiograph 
represents a Type II or isthmic spondylolisthesis (courtesy of 
Dr L.G.F Giles). 


tion, through a degenerative and remodelling pro- 
cess, takes on a more horizontal position which 
allows eventual movement of the vertebral bodies. As 
expected, degenerative spondylolisthesis occurs in 
the older patient, generally greater than 40 years old 
and evolves over a long period of time. The degen- 
erative spondylolisthesis is most common at the 
L4-I.5 level. Strong lumbosacral ligaments which 
connect the iliac wings to the L5 body predisposes 
the higher unprotected L4-L5 region to degenerative 
changes. The L 4 vertebra has a relatively small 
transverse process, less ligamentous support, and 
more mobility. The facet joints at this L4-L5 level are 
also directed more sagittally than those at the lower 
L5-S1 vertebral area. This allows for more anterior 
motion. The excess stress results in advanced degen- 
erative changes occurring at this level. Slippage is 
never greater than 30% of the body diameter of L5 
because the spinous processes of L4 actually impact 
on this body. Facet joint arthritis, and disc space 
narrowing, are also commonly seen in this clinical 
setting as well. 

The final two types are due to either trauma or an 
underlying pathologic process. Type IV, or traumatic 
spondylolisthesis, represents an acute fracture of a 
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posterior element, either the pedicle, the lamina, or 
the facets. The pars interarticularis is not involved in 
this type of injury. The most common site is L4-L5. 
Type V, or pathologic spondylolisthesis, represents a 
structural weakness in the posterior elements due to 
a disease process. 

History, physical examination and 
diagnostic studies 

Pain is the most common symptom of spondylolisthe- 
sis and spondylolysis. In adolescents, the most 
common pain pattern associated with low-grade 
spondylolisthesis is a dull, aching pain in the back, 
buttocks, and posterior thigh. The cause of back pain 
presenting after age 30 in a patient with spondylolis- 
thesis may not be due to a pars defect or slippage and 
other reasons for the back pain should be explored. 
Those older patients with symptomatology may 
complain of low back pain or leg pain which is 
posterolateral, going down the leg or up into the hip. 
The pain may increase with activity and decrease 
with rest. 

On physical examination, patients may have an 
actual palpable step-off of the lumbar spine. This 
slip is recognized when the translation has reached 
73% of the vertebral body inferior to it. The typical 
patient exhibits no scoliosis. Range of motion is 
generally normal. The neurological examination also 
is usually normal. If nerve root irritation is present, 
hamstring tightness may be elicited. Patients with 
this condition may waddle as they walk, and also 
exhibit flexion of the hips and knees with flattening 
of the lumbar lordosis, in an attempt to ease the low 
back pain. 

Plain lateral radiographs of the lumbar spine will 
show translation of vertebral bodies. Oblique views 
may demonstrate pars interarticularis fractures if no 
frank translation is seen on lateral views. The actual 
amount of slippage is graded by the system of 
Meyerding: Grades 0-rV (Figure 3.16) (Meyerding, 
1941). The top of the inferior vertebral body upon 
which the translation is occurring is divided into 
parallel quarters. A slip of 25% or less is Grade I, while 
the translation of 75% or more is considered Grade IV 
Dynamic translation, defined as the change in posi- 
tion as the spine moves from extension to flexion, is 
also performed. Normal lumbar vertebral levels 
should have less than 3 mm of dynamic translation. 
X-rays taken in both flexion and extension can help 
the clinician determine the extent of dynamic transla- 
tion. Other imaging modalities also may be useful. 
Bone scintigraphy may help define stress fractures of 
the pars interarticularis which may otherwise be 
difficult to diagnose. The MR1 also plays a role when 
radiculopathy is present. The exact location and 
degree of neural impingement may be determined by 
MRI methods. 


Treatment and prognosis 

Non-operative treatment of spondylolisthesis is effec- 
tive in the majority of patients with low back pain. 
Rest, anti-inflammatory medications, and protected 
activity will aid in the resolution of acute symptoms. 
Back and abdominal strengthening exercises are 
recommended to help support this area of the spine. 
Brace therapy may also be of benefit. Bracing in a 
younger patient may provide immediate symptomatic 
relief in a combination with flexion type exercises. It 
may also reduce the amount of lumbar lordosis and 
possibly the propensity to translate. Surgical fusion of 
the unstable segment is indicated only to relieve pain, 
not correct the translocation. Surgery may include 
spinal fusion for patients with low back pain symp- 
toms and decompression for patients who also have 
nerve root irritation. 


Conclusion 


Mechanical disorders of the lumbosacral spine are the 
most common causes of low back pain. The most 
common include muscle strain, acute herniated 
nucleus pulposus, spinal stenosis, and spondylolis- 
thesis. Although the pathophysiologies may differ, 
each has low back pain as a common complaint. 
Treatment modalities consist of both conservative 
and surgical means. Fortunately, most patients can be 
treated successfully with non-operative intervention 
including NSAIDs, rest, and/or physical therapy. 
However, when these measures fail, operative ther- 
apy may then be indicated. 
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Chiropractic management of low hack pain of 

mechanical origin 

S.H. Burns and D.R. Mierau 


Introduction 


This chapter deals with chiropractic assessment and 
treatment of patients with mechanical low back pain 
(LBP). For many years, chiropractors and their 
methods of treatment were viewed with curiosity and 
scepticism by allopathic medicine. Reasons for this 
included the cult-like reputation of chiropractic 
beliefs and practices, terminology used by practi- 
tioners that was meaningless or confusing to others, 
the training of chiropractors in private institutions, 
and the profession s poorly defined scope of practice. 

In recent years there has been a shift in interest 
from philosophical dogma to scientific evaluation of 
the treatment, effects, and cost-effectiveness of spinal 
manipulation therapy (SMT). In fact, SMT is now the 
most studied form of treatment for back pain, 
supported by a considerable body of clinical 
research. 

Although many original theories have proven to be 
inaccurate, it is notable that some early principles of 
the chiropractic paradigm are now well accepted 
within mainstream medicine. Early chiropractic doc- 
trines are categorized below. 

Principles that have become widely accepted: 

• That dysfunction rather than disease is the main 
cause of backache in society. 

• That the posterior joints are more commonly 
involved in back pain syndromes than is the 
intervertebral disc. 

• That prolonged rest is not beneficial, but exercise 
and early return to activity are important in 
recovery from back injuries. 


Beliefs that have largely been abandoned: 

• The bone out of place theory' (that manipulation 
or adjustments change the position of vertebral 
alignment). 

• That chiropractic treatment can change the mor- 
phological shape of the spine (e g. change struc- 
tural scoliosis). 

• That the nervous system rather than the immune 
system is central to disease resistance. 

Included in this chapter are the salient features of 
the typical history, examination and treatment of low 
back pain patients as performed in a chiropractic 
clinical setting. Clinical trials of efficacy and cost- 
effectiveness of chiropractic manipulation treatment 
for low back pain are also discussed. 


Patient history 


The nature of most back pain is such that an in-depth 
analysis of a patient's medical history is likely to 
reveal more about the diagnosis than is the physical 
examination. With a well documented and structured 
history the purpose of further testing is often to 
confirm an already suspected diagnosis. This can 
result in reduced costs and patient exposure, through 
the selective use of diagnostic tests, without increas- 
ing the risk of missing serious pathology (Deyo, 
1986a; Deyo et al, 1992). 

In a chiropractic setting, the first purpose of the 
history should be to determine whether the patient's 
back pain is of mechanical or non-mechanical origin. 
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Table 22.1 Patient history with various causes of low back pain 


Cancer 

Infection 

Fracture 

Mechanical 

Patient older than 50 years 

IV drug abuse 

Recent trauma 

Often has associated injury 

Previous history of cancer 

Recent urinary tract 
infection 

Patient is older than 50 years 

Pain intensity affected by 
position 

Patient has night pain 

Recent skin infection 

Long-term corticosteroid use 

Rest brings relief 

Unexplained weight loss 

Unexplained fever 

Osteoporosis 

Responds to manual treatment 

Failed physical treatment 



Pain is recurrent in nature 

Unremitting pain greater 
than 1 month 



Pain improves with time 


It is therefore more important to place the patient's 
problem into a diagnostic category than to determine 
its precise aetiology. The line of questioning, then, 
will initially focus on ruling out underlying pathology 
while considering mechanical causes. Table 22.1 
summarizes typical historical aspects of various 
diagnostic categories of back pain. 


Table 22.2 Common low back pain syndromes 


Syndrome 

Characteristic features 

Posterior joint 

Pain often sharp, with sclerotomal 
pattern referral to leg, usually above 
knee. Limitation in ROM is in 
extension/ipsilateral side-bending. 
Stiffness/tenderness to pressure over 
posterior joints. 

Sacroiliac joint 

Usually dull ache over Si/buttock 
Worse with forward bending or 
contralateral side-bending. Pain when 
seated or rising. Referral into anterior 
thigh/groin. Some hip joint stress 
tests positive for SI joint pain 

Discogenic 

Deep, dull, poorly localized pain. Not 
reproduced by palpation. Flattened 
lordosis. Limitation in forward 
bending 

Myofascial 

Usually dull, uniJateral pain. 

Myotomal referral pattern to leg, 
rarely below knee. Pain/limitation of 
motion when bending away from 
side of pain or forward. 

Nerve root 

irritation/ 

entrapment 

A sharp 'burning' pain with 
dermatomal/radicular pattern into 
leg. Leg pain may be worse than LBP 
Pain/restriction on forward bending, 
contralateral side-bending. Positive 
nerve root tension signs (SLR, femoral 
stretch). 


When it seems certain that pain is likely to be 
mechanical in nature, a more precise anatomical 
origin should be sought. Practitioners tend to think of 
back pain in terms of clinical syndromes. By defini- 
tion, syndromes comprise a predictable set of signs 
and symptoms which, when taken together, implicate 
an anatomical source of pain. For LBP, these include 
posterior joint syndromes, sacroiliac joint syndrome, 
discogenic back pain, myofascial syndromes, thoraco- 
lumbar syndrome (including irritation of the cluneal 
nerve) and spinal joint dysfunction with nerve root 
irritation. Table 22.2 outlines features suggestive of 
various low back pain syndromes. 


Examination 


The typical chiropractic low back examination 
entails: 

1. Inspection 

2. Range-of-motion 

3. Provocation (stress) tests 

4. Neurological examination 

5. Palpation 

6 Specialized tests - when appropriate 

7. Ancillary tests (usually radiographic or laboratory) 

8. Questionnaires 

These steps are discussed in further detail below. 

1. Inspection 

Inspection typically includes observation of the 
patient’s general posture, gait, spinal curvatures, 
presence or absence of antalgia, or, in cases of 
trauma, spinal deformities suggestive of fracture. 
Practitioners have traditionally placed considerable 
emphasis on the role of posture and spinal morphol- 
ogy in the development of back pain. However, 
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research evidence indicates that factors such as 
increased lumbar lordosis or small scoliotic curves 
are not in fact significant risk factors for LBP 
(Nilsonne and Lundgren, 1968; Coliis and Ponseti, 
1969; Rowe, 1969; Pope et al. , 1985; Battie et al. , 
1990; Bigos et al. , 1992). 

2. Range-of-motion 

Range-of-motion testing can be important for several 
reasons and when taken into account can supply 
considerable information. In a condition notorious for 
its lack of objective or reproducible signs (Nelson et 
al., 1979), range-of-motion testing is noteworthy for 
being at least moderately reproducible and reliable 
(McCombe et al., 1989; Hyytiainen et al., 1991). 
Therefore, limitations in spinal movement can be 
critical for documenting impairment or patient prog- 
ress (Triano and Schultz, 1987). In addition, restriction 
of movement in various directions can implicate the 
anatomical structures responsible. For example, back 
pain from posterior joints may cause painful limitation 
of extension and lateral bending to the involved side. 
However, when soft tissue structures such as muscles 
and tendons are the primary cause of pain, the deficit 
may be in forward flexion or contralateral side 
bending (Lewit, 1985). Albeit this is over-simplified, 
range-of-motion testing does have anatomically inter- 
pretative value. Conversely, full and pain-free range-of- 
motion in the presence of significant back pain should 
raise the suspicion of a non-mechanical cause. 

Lumbar mobility can be assessed in a variety of 
ways; from simple but crude visual estimates to 
sophisticated computer goniometry. Lumbar move- 
ment is a function of combined spinal joint and hip 
joint movements. Although ‘eyeballing’ range-of- 
motion may be appropriate for everyday clinical 
purposes, it is not very precise, nor does it isolate the 
lumbar component from the combined total. Neither 
will using a tape measure for fingertip-to-floor dis- 
tance, but it is more precise. However, using a tape 
measure and the modified Schober’s test will give an 
estimate of true lumbar motion (Macrae and Wright, 
1969). Goniometers, which may be gravity or com- 
puter-based give a more accurate measure yet (Gill et 
al., 1988). Whether or not a device measures isolated 
lumbar motion or combined hip/back motion is a 
function of the instrument’s design. Goniometers are 
more commonly used in cases with medical/legal 
issues (e.g. assessment of impairment) or for the 
purposes of clinical research 

3. Pain provocation tests 

These tests are designed to isolate and stress specific 
anatomical structures and when painful, implicate 
them as the source of back pain. Although the validity 


and reproducibility of these tests have rarely been 
examined (LaBoeuf, 1990), they are commonly used 
in both chiropractic and orthopaedic low back 
examinations. For the lumbar spine, these may 
include repeated springing pressure across the spi- 
nous processes, combining extension and lateral 
bending pressure on the facet joints (Kemp's test), or 
mechanically stressing the sacroiliac (SI) joints. SI 
joint stress tests are actually adaptations of ortho- 
paedic hip tests including Faber-Patrick, Gaenslen’s 
and Yeoman's tests. Therefore, it is important to 
identify the precise anatomical site of pain in a 
positive test (e.g. hip or SI joint) to avoid mis- 
interpretation. Mierau (1991) has shown that in 
subjects with sacroiliac joint pain, scintigraphic bone 
scanning commonly shows increased radionuclide 
uptake at the symptomatic joint when two of the 
three above tests are positive. In general, stress tests 
are more useful for acute back pain where a specific 
structure may have been injured. In chronic cases, 
where pain becomes diffuse and generalized, the 
specificity of tests decreases (Waddell et al, 1991). 

4. Neurological examination 

The main purpose of neurological testing in a 
chiropractic setting is to screen for nerve root 
involvement and to distinguish referred leg pain from 
true radiculopathy. The distinction is important 
because the treatment and prognosis are different for 
patients with radiculopathy than they are for patients 
with mechanical back pain referring to the leg 
(Cassidy and Kirkaldy-Willis, 1988). Cases of severe 
nerve root compression are not common in most 
chiropractic offices. Practitioners are more likely to 
encounter what might be termed nerve root irrita- 
tion', resulting in sciatica but not frank neurological 
deficit. Nerve root irritation may be thought of as 
symptoms from inflamed nerve roots. This gives pain 
in the distribution of the sciatic (or femoral) nerve 
and positive dural tension signs, but does not result in 
severe loss of sensation, motor power or deep tendon 
reflexes. A basic neurological examination would 
involve the following: 

Sensory, motor power and reflex testing of the 
lower limb 

These properties can be screened for the L4, L5 and 
SI nerve roots. Because chiropractors are more likely 
to see subtle rather than severe cases, procedures 
may need to be modified to elicit a mildly positive 
test. For instance, muscle testing by having the 
patient perform a single, maximal contraction against 
the examiner’s hands may indicate normal strength. 
However, having the patient repeatedly rise on the 
heels and toes could reveal early fatiguing on the 
involved side, suggesting mild nerve root comprise. 
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Nerve root tension tests 

These include the straight leg raising (SLR) test for the 
sciatic (L5/S1) nerve roots and the heel-to-buttock 
test for the femoral (L4) nerve. Restriction in either of 
these is often interpreted as proof of a disc hernia- 
tion However, it is important to note that although 
SLR is a sensitive test in the presence of disc 
herniation, the test has low specificity (Deyo and 
Diehl, 1986). Hip joint pathology, sacroiliac joint 
dysfunction or hamstring tightness are among other 
common causes of SLR restriction. Therefore, 
improvement in SLR following manual therapy must 
not be misinterpreted as having affected a disc 
herniation. The test is also subject to diurnal fluctu 
ations (Porter and Trailescu, 1990). Therefore, chan- 
ges in SLR may have more to do with the time of day 
the test is done than with effects of treatment. 

Unlike the SLR test, the crossed leg or ‘well leg’ 
raise test has poor sensitivity but good specificity 
with respect to disc herniation (Anderrson, 1991). 
This means that, although false negatives are com- 
mon, reproduction of sciatic leg pain when the 
opposite leg is raised is a strong indication of disc 
prolapse (Kosteljanetz et al., 1988). 

Other neurological tests are used selectively and 
when appropriate. With claudicant patients in whom 
spinal stenosis is suspected, tests for long tract signs, 
including Babinski's response and ankle clonus, 
should be done. A specialized test, such as the 
Herron -Pheasant test where prolonged lumbar 
extension is thought to decrease the volume of the 
lateral nerve root canal, may show reflex or other 
changes only after the position has been held for 
some time (Kirkaldy-Willis, 1988). In patients com- 
plaining of thoracolumbar pain, the skin rolling test 
done along the course of the cluneal (sensory) nerve 
may cause pain, as does pressure over the nerve 
where it crosses the iliac crest (Bernard and Kirkaldy- 
Willis, 1987). 


5. Palpation 

Too much credence is placed in the interpretive value 
of spinal palpation. Often much more than can be 
justified is read into palpating small irregularities in 
spinal contours or subtle changes in joint movement. 
Because practitioners tend to rely heavily on these 
listings' when determining which segments to 
manipulate (Schafer and Faye, 1989), several studies 
have looked at the reliability of spinal palpation. In 
general, these studies show poor inter-examiner 
reliability and only moderate intra-examiner reliability 
(Keating, 1989, 1990; Haas, 1991; Panzer, 1991). 
Although this raises serious questions about the 
importance attributable to palpation, most practi- 
tioners still consider it an indispensable clinical skill. 
The technique primarily involves assessing zygapo- 


physial joint motion, usually by passive challenging of 
the joints. Normally mobile joints have a springy end 
feel described by Mennel (1949) as ‘joint play’. In 
mechanical back pain, this quality is often reduced or 
lost. Joint challenge then becomes painful to the 
patient. With experience and practice, a reasonable 
goal of palpation would be to determine whether or 
not the facet joints are causing pain and, if so, identify 
the side and level of vertebral involvement. 

While spinal palpation may be over-emphasized in 
the average chiropractic low back examination, other 
areas of palpation are sometimes neglected. A thor- 
ough low back examination should include palpation 
of the abdomen, the inguinal lymph nodes, and 
peripheral pulses in the limb, especially if the patient 
has claudicant symptoms. Although palpation of the 
prostate gland is taught at college, it would be rare to 
find it done in private practice. This is unfortunate 
given the prevalence of prostatic cancer with metas- 
tasis to the spine as a cause of back pain (Schaberg 
and Gainor, 1985; Deyo and Diehl, 1988). 


6. Specialized tests 

Most specialized clinical testing is done when an 
underlying, non-mechanical cause is suspected. For 
instance, in patients suspected of a having rheumato- 
logical component to their back pain - such as 
ankylosing spondylitis - chest expansion or occiput- 
to-wall test may be appropriate. Spinous percussion is 
sometimes useful when lumbar compression fracture 
is suspected. The distracted leg raise or flip test’ may 
be used if patients with sciatic complaints are 
suspected of malingering. Because psychosocial prob- 
lems may accompany chronic back pain syndromes, 
Waddell’s tests for non-anatomical back pain are often 
used (Waddell et al., 1980). These tests include 
simulated lumbar spine loading (axial and rotational) 
and observing for descriptors and distributions of the 
pain that do not correspond to known anatomical 
patterns. Inappropriately extreme reactions to lumbar 
examination, such as excessive grimacing and with- 
drawal, are also considered positive Waddell’s signs 
(Waddell et al., 1984). It is important to note that the 
Waddell's tests of non-anatomical pain are just that - 
a means to measure indicators - they are not meant to 
imply malingering or deliberate symptom magnifica- 
tion. The tests are often interpreted as suggesting 
significant psychological overlay but, in themselves, 
are not confirmatory. 


7. Ancillary tests 

The accessibility to ancillary testing - including 
diagnostic imaging, electro-diagnostics and laboratory 
analysis - depends on local jurisdiction. However, all 
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practitioners do use X-rays and are trained to read Table 22.3 Grounds for radiography in low back pain 

them. They are also trained in the indications for basic 

laboratory tests and how to interpret them. History Physical 


Radiographs 

Practitioners tend to over-utilize X-rays, especially full 
spine studies. Fortunately this practice is in decline as 
the profession moves toward adherence to more 
standardized indications for radiography. Table 22.3 
summarizes the historical and physical indications 
justifying lumbar radiographs. Other important con- 
siderations regarding lumbar radiographs are: 

i) Low diagnostic yield. For instance, it has been 
shown that unsuspected pathological findings 
seen on lumbar radiographs may occur as infre- 
quently as 1 in 2500 studies (Brolin, 1975). 

ii) High gonadal radiation The gonadal radiation 
from one unshielded lumbar series has been 
estimated to be equivalent to the gonadal radia- 
tion from one chest radiograph per day, for 6 
years (Penfil and Brown, 1968). 

iii) Poor correlation to symptoms. There is a tend- 
ency to over-interpret radiographs. This includes 
attributing significance to small vertebral dis- 
placements (Bronfort, 1984; Owens, 1991) or 
malalignments, as well as the practice of making 
various measurements (roentgenometries) which 
have no proven significance. Dynamic (i.e. flex- 
ion-extension, lateral flexion) studies are also 
commonly used but have yet to be proven 
valuable (Henley et al., 1976; Penning et al '., 
1984; Haas et al., 1990,1991; Dvorak et al., 1991) 
There is very little clinically relevant biomechan- 
ical information obtainable from plain film X-rays 
(Nachemson, 1975; DuPuis etal., 1985; Frymoyer 
et al., 1986). Especially disturbing is the practice 
among some practitioners of taking pre and post- 
treatment films in an attempt to assess clinical 
improvement This has no value but does expose 
patients to considerable unnecessary radiation 

In modern chiropractic practice, radiographs are 
used to rule out pathology or significant spinal 
deformity in suspected cases. It should be remem- 
bered, however, that plain film radiographs are not 
sensitive for exposing early stages of pathology, since 
a significant degree of bone destruction is required 
before it becomes appreciable on plain film. Radio- 
graphs are useful in suspected cases of cancer, 
infection, fracture or dislocation, severe osteoar- 
throsis, spondylolisthesis or clinically important spi- 
nal deformities. If, based on the history, there is no 
suspicion of these, then radiographs are not usually 
necessary. Deyo et al. (1986, 1987) have shown that 
by using selective criteria, the use of lumbar X-rays 
can be significantly reduced without reducing diag- 
nostic accuracy. 


Age over 50 
Severe, or night pain 
Significant trauma 
Unexplained weight loss 
Past history of significant 
disease 

No response to treatment 
History of drug or alcohol 
abuse 

X Litigation or compensation 


(adapted from Deyo. Diehl, 1986) 


Laboratory tests 

A good argument can be made for the use of simple 
laboratory tests over X-rays in ruling out pathology as 
a cause of back pain. For instance, erythrocyte 
sedimentation rate (ESR) is highly sensitive in the 
presence of many serious diseases, although it is not 
specific. When screening for pathology, sensitivity is 
more important than specificity. Fernbach (1976) 
demonstrated that in patients with spinal malignancy 
as a cause of back pain, 94% had elevated ESR. Other 
tests that are inexpensive and occasionally useful 
include serum alkaline phosphatase and serum 
calcium levels. Urinalysis is sometimes useful in 
suspected cases of back pain from urinary tract 
infections. 


Questionnaires 

Standardized questionnaires are being used increas- 
ingly in all areas of back pain assessment, including 
chiropractic. They may be used to describe and 
quantify pain, impairment (physical limitation), or 
disability (the functional consequences of physical 
impairment). Also, as it becomes increasingly clear 
that chronic back pain is strongly linked to psycho- 
social factors, many questionnaires . target these 
issues. These may include general psychological 
profiles, coping strategies, measures of depression, 
motivation, job satisfaction, etc. Table 22.4 sum- 
marizes some commonly used questionnaires and 
their design purpose. 


Treatment methods 


Various methods and modalities - including massage, 
electrotherapy, ultrasound, heat/cold and exercise - 
are used in a typical chiropractic office. However, 
spinal manipulation is the cornerstone of almost all 


Significant spinal deformity 
Neurological deficit 
Marked loss of flexibility 
Unexplained fever 
Lymphadenopathy 
Swelling, heat or redness 
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Table 22.4 Common questionnaires in the assessment of low back pain 


Variable 

Methods of assessment 

Pain 

Visual analog scale, (Huskisson, 1974) 

McGill Pain Score, (Melzak, 1987) 

Pain Drawing, (Ransford, 1976) 

Coping abilities 

Pain Management Inventory (Brown and Nicassio, 1987) 

Disability 

Oswestry Disability Score, (Fairbanks et at, 1980) 

Sickness Impact Profile, (Deyo et al., 1986) 

Roland-Morris Disability Score, (Roland and Morris, 1983) 
Pain Disability Index, (Tail et al, 1990) 

Psychological 

profiles 

Minnesota Multiphasic Personality Inventory (MMPI), 
(Sternbach et al., 1973) 

Million Behavioral Health Inventory, (Million et al., 1982) 
Beck Depression Inventory, (Beck, 1972) 


chiropractic treatment. Dysfunction of these joints, 
particularly the zygapophysial joints, is central to the 
chiropractic model of mechanical LBP and research 
evidence, such as diagnostic facet injection blocks, 
support this concept (McCall et al., 1979; Fairbanks et 
al. , 1981). Chiropractors are well trained and exoeri- 
enced in manipulative techniques and provide about 
90% of spinal manipulations performed in the United 
States (Shekelle and Adams, 1992; Shekelle et al., 
1992). Therefore, a discussion of chiropractic manage- 
ment of back pain is largely a discussion of SMT. 


Manipulation defined 


In manual medicine there are two commonly used 
modalities; mobilization and manipulation. The 
terms are often used interchangeably, but they are 
different and have different effects. Part of the 
distinction can be appreciated if joint motion is 
thought of as a continuum from ankylosed to unstable 
(Figure 22.1). In this model, mobilization occurs 
within the passive range of motion. Manipulation, 
however, takes the joint slightly past the passive 
range of motion and into what has been termed the 
‘paraphysiological space' (Sandoz, 1976). Forcing a 
joint beyond this space, past the limit of anatomical 
integrity, would result in capsular sprain and Finally 
ligamentous disruption with instability. Much of the 
art of manipulation lies in the ability to work within 
the narrow zone between passive mobilization and 
joint sprain. 

Performed on spinal joints, mobilization and 
manipulation look and feel different (Figure 22.2). 
Mobilization is typically described as a gentle, oscil- 
latory, high amplitude, low velocity manoeuvre 
which gives the patient a feeling of stretching. 
Manipulation, by contrast, is a quick, forceful but 
controlled thrust which usually yields the cracking 


noise associated with SMT. The procedure requires 
considerable practice and expertise. The force must 
be calculated and precise. Too little will not have the 
desired therapeutic effect, while too much force will 
injure the patient. 



Figure 22.1 Model of possible motion in any synovial joint. 
The joint surfaces are separated further in manipulation than 
in mobilization. The paraphysiological space' is more 
conceptual than actual. (Adapted from Sandoz, 1976.) 



Figure 22.2 I.umbar spine mobilization vs. manipulation 
(A) Mobilization is typically a slow, repeated stretching 
manoeuvre within the passive ROM. (B) Manipulation is a 
rapid, single thrust which forces the joint slightly beyond 
the passive ROM. The accompanying cracking sound indi- 
cates joint cavitation. 
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Effects of manipulation 


The effects of SMT can be categorized as physio- 
logical or neurological (reflexogenic). Some of the 
proposed effects are speculative and are the topic of 
research investigation. 

Physiological effects 



C 2 _ MOBJUZED J 


(MM) ' 


Much of what is known about the physiological 
effects of spinal joint manipulation is extrapolated 
from studies of the metacarpophalangeal (MCP) joint. 
The joint is well suited for study because it is easy to 
manipulate and radiograph. The first study of MCP 
joint manipulation was published by two anatomists 
(Roston and Wheeler-Haines, 1947). They showed 
that after a critical degree of tension the joint surfaces 
would suddenly spring apart and a cracking sound 
would be heard. The phenomenon, known as joint 
‘cavitation’, results in an increase in joint space 
(about 25%) and the formation of a carbon dioxide 
gas bubble within the synovial fluid (Unsworth et al . , 
1971). Both result from the rapid drop in intra- 
articular pressure as the elastic barrier of resistance is 



Figure 22.3 Radiograph of a metacarpophalangeal (MCP) 
joint following manipulation. There is an increase in the 
joint space and a gas bubble (arrow) - the result of intra- 
articular pressure changes. 


o 
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TENSION (kg) 

Figure 22.4 The load-separation curve for a normal meta- 
carpophalangeal joint. At a critical distraction force (about 9 
kg), the joint surfaces spring apart and the cracking noise- 
associated with cavitation is heard. These properties define 
a manipulated joint. (Modified from Unsworth et al . , 
1947.) 

overcome. The widened joint space and gas bubble 
are both radiographically demonstrable in a manipu- 
lated - but not mobilized - joint (Figure 22.3). The 
cracking sound is thought to occur as the gas bubble 
collapses; this occurs almost as quickly as it is 
formed. Figure 22.4 shows the load-separation curve 
for the MCP joint and distinguishes manipulation 
from mobilization based on width of the joint space. 
After the joint has been cavitated, there is a refractory 
period of 15-20 minutes during which a crack 
cannot be produced again. This is likely the time 
required for the carbon dioxide gas to be resorbed 
into the synovial fluid. During this period the joint 
surfaces re-approximate but the inter-articular space 
does remain greater than before manipulation. 

The functional effect of joint cavitation is increased 
freedom of movement. Mierau et al. (1988) have 
demonstrated a significant increase in passive MCP 
joint flexion in manipulated versus mobilized sub- 
jects. The results indicate that manipulation and 
mobilization are distinct therapies and have different 
effects on joint function. Practitioners look for 
increased range of spinal motion following manipula- 
tion and consider it an important determinant of a 
successful treatment. 


Neurological effects 

Patients often report immediate and significant pain 
relief following spinal joint manipulation. Several 
neurological mechanisms have been proposed to 
explain this. Korr (1975) developed a model of back 
pain caused by paras pinal muscle spasm secondary to 
aberrant proprioceptive input from the muscle spin- 
dle cells. This results in fixation of the underlying 
spinal joints. He believed that manipulation produces 
a barrage of neural output from the spindle cells and 
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Table 22.5 Effects of spinal manipulation 


Known 

Probable 

Possible 

Joint cavitation 

Joint capsule neuro-stimulation which 
could lead to: 

Breaking of articular adhesions 

Increased range 

• inhibition of pain 

Release of entrapped joint capsular 

of movement 

• paraspinal muscle relaxation 

• autonomic nervous system stimulation 

structures 


resets the Firing rate or gain. The muscle relaxes and 
joint movement is possible again. 

Melzak and Wall (1965) developed the Gate Con- 
trol theory of pain, providing a model whereby 
increased afferent input to the spine would result in 
reflex inhibition of pain transmission. Several stud- 
ies examining spinal pain tolerance following manip- 
ulation appear to support this as a tenable model 
(Terret and Vernon, 1984; Vernon, 1988; Vernon et 
at. , 1990). 

Wyke (1985) proposed that manipulation creates 
rapid bursts of transmission in afferent nerve fibres of 
the spinal joint capsules, ligaments and surronding 
musculature. These signals are thought to affect both 
the dorsal root ganglion and spinal cord (substantia 
gelatinosa) to reduce muscle hypertonicity and 
decrease pain transmission, respectively. There may 
be some truth in this; studies using electromyography 
of paraspinal muscles show a change in activity 
following manipulation (Grise, 1974; Herzog et al . , 
1995). These HMG changes are a function of the 
speed of the thrust, not the force. When mobilization 
(a much slower modality) is used, there is no change 
in myoelectric activity (Herzog et al. , 1995). 

There may even be effects at the autonomic 
nervous system level The sympathetic chain that 
runs along the lumbar spine does communicate with 
the spinal nerve through the grey ramus commu- 
nicans. Therefore the possibility exists of a link 
between mechanical stimulation of the joints and an 
autonomic nervous system response. Some of these 
proposed effects include vasomotor activity (Yates et 
al 1988), the release of endorphins (Vernon et al ., 
1986) and enhanced phagocytic and neutrophil cell 
activity following manipulation (Brennan etal., 1991, 
1992). However, the degree of these effects is 
unknown and it is doubtful that they are of any 
clinically practical importance. 

Other speculation about the possible effects of 
joint manipulation often reflect the proponents’ 
opinion regarding the underlying cause of mechan- 
ical back pain. Cyriax (1974), for example, proposed 
that manipulation tore interarticular facet joint adhe- 
sions. These adhesions do exist and are demonstrable 
histologically. They appear to be part of the normal 


ageing process in many people. However, there is no 
direct evidence that manipulating spinal joints will 
break these adhesions. 

Giles (1986, 1987) has demonstrated that synovial 
folds are innervated and that they may become 
entrapped between zygapophysial joint surfaces, 
possibly producing pain. Again, it is not known how 
commonly this occurs, whether or not it is a 
significant cause of back pain, or whether or not 
manipulation frees these entrapped synovial folds. 
Bogduk and Engel (1984) have also suggested that 
meniscoids may play a role in facet joint pain. 

For many years, it was believed that the main effect 
of vertebral ‘adjusting’ was to reposition subluxated 
vertebrae. Herzog (1994) has demonstrated small 
vertebral movements during manipulation but the 
movement does not result in a repositioning of 
vertebrae. Table 22.5 reviews the proposed effects of 
SMT. 


How chiropractors manipulate the 
lumbar spine 


Practitioners become adept at spinal manipulation 
through training and practice. The most common 
method, called side posture manipulation, is shown 
in Figure 22.5. The procedure can be outlined as 
follows: 

1. The patient is positioned so that they are lying 
comfortably on their side, with the painful side of 
the spine up. 

2. The spinal level requiring treatment is located 
with the chiropractor’s hand. 

3. A moment of force is created at that spinal level by 
counter-rotation of the pelvis and torso. The 
degree of flexion at the hip and pelvis opens the 
facets at a desired spinal level. The amount of 
rotation at the torso then determines where the 
moment of force will lie along the lumbar spine. 
With practice, a torsional moment can be created 
precisely at a stiff segment, facilitating the proce- 
dure considerably. 
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treatment addresses the mechanical portion of the 
problem. Contraindications may be absolute or rela- 
tive. Certainly conditions such as tumours, infections 
or acute fractures constitute absolute contraindica- 
tions. However, a condition such as spondyloarthro- 
pathy may be a relative contraindication because 
patients do poorly if manipulated during arthritic 
flare-ups. However, they may respond well during 
quiescent phases of their disorder. Table 22.6 outlines 
the indications and contraindications for manipula- 
tion therapy. 


Other treatment methods 


Figure 22.5 Patient positioning for typical side posture 
spinal joint manipulation. (A) The neutral position; no 
rotational force in spine. (B) Counter-rotation of pelvis and 
torso creates a moment of force (C) Location of turning 
moment can be controlled by the amount of pelvic 
flexion\upper body rotation. 


4. A quick thrust is applied, often using the spinous 
process as a lever. Studies have demonstrated that 
the peak force required to cavitate facet joints in 
the thoracic spine is 400-600 newtons (Conway 
et al ., 1993). It is likely similar for the lumbar 
spine. The amplitude, velocity and direction are all 
critical. Because the axis of rotation lies anterior to 
the facet joints, a torquing force is created, 
opening (cavitating) the joint on the up side. 


Indications and contraindications 
for SMT 


This form of therapy is useful for several low back 
syndromes with varying degrees of effectiveness 
(Cassidy et al ., 1985). In general the indications are 
mechanical back pain in the absence of serious or 
surgically amenable pathology. If demonstrable 
pathology and mechanical back pain coexist the 


Although manipulation is the mainstay of almost all 
chiropractic treatment for back pain, other treat- 
ments are added for various patient needs. Ther- 
apeutic choices are often determined by the length of 
time the patient has been suffering with backache. In 
acute back pain, the goals of treatment are decreased 
pain and increased range of motion; both of which 
can be achieved with SMT. However, in chronic cases 
there may be a variety of physical and psychosocial 
problems which are not amenable to manual therapy 
of any kind. These issues must be addressed as part of 
the treatment plan if success is to be achieved. 
Practitioners must be cognisant of this and recognize 
the limitations of passive therapy to help patients 
who have a multitude of complicating problems. 
Therefore the types of treatment and goals of therapy 
may be quite different for chronic versus acute 
patients. These are contrasted in Table 22.7. 

Most practitioners prescribe some form of exercise 
for low back pain (Christensen and Morgal, 1993). 
The spectrum of exercise therapy extends from 
simple stretching routines to rigorous fitness and 
work-hardening programmes. Practitioners usually 
favour lumbar flexion exercises, as described by 
Williams (1974), rather than the McKenzie style 
extension exercises (see Chapter 24). This is in 
keeping with the chiropractic model of back pain in 
which the facet joint plays a critical role; lumbar 


Table 22.6 The indications and contraindications for manipulative therapy 


Indications Contraindications 


Mechanical low back pain (joint dysfunction) 
Intervertebral disc disease (HNP) 

Spinal stenosis (central or lateral) 

LBP with spondylolisthesis 
Post-operative LBP 

1.BP in pregnancy and postpartum LBP 


Cancer or other destructive lesions of the spine 

Severe osteopenia 

Active spondyloarthropathies 

Cauda equina syndrome 

Referred pain from visceral disease 

Significant psychological overlay 
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Table 22.7 Goals of treatment: acute vs. chronic low back pain 


Goals of treatment 


Types of treatment 


Acute 

Chronic 

Acute 

Chronic 

Decrease pain 

Return-to-work 

NSAIDs 

Conditioning exercise 

Increase mobility 

Increase functional capacity 

A.D.L. 

Resolution of psychosocial issues 

Develop coping strategies 

Deal with legal issues 

Rest 

Modalities 

Manipulation/mobilization 

Work hardening 

Counselling 

Functional restoration 
programmes 


flexion stretches facet joints while extension approx- 
imates them. In fact, it is likely that patient com- 
pliance with stretching exercises is more crucial than 
the type of stretching programme (Kendall and 
Jenkins, 1968; Buswell, 1982). Regardless, stretching 
exercises are designed to increase lumbar range of 
motion. Back and trunk strengthening exercises are 
usually prescribed for patients who are decondi- 
tioned due to the prolonged inactivity that accom- 
panies chronic back pain syndromes. There is some 
evidence that increased fitness has a protective effect 
against future back injuries (Cady et al., 1979). 

Many practitioners utilize back schools. These have 
been in existence since the late 1960s and may be 
used for patients with acute back pain, chronic back 
pain, or as a prevention measure in high risk 
occupation groups. The effectiveness of back school 
alone is questionable (Linton and Kamwendo, 1987; 
Cohen et al., 1994); although, from an empirical 
standpoint, many practitioners find that patients 
appreciate the material and that they cope better 
with their back conditions afterwards. Back school is 
best used when combined with a more active form of 
therapy such as fitness training and does appear to 
enhance its effects (Kohles et al., 1990). 

It is well accepted that patients with chronic back 
pain syndromes develop psychosocial problems asso- 
ciated with their condition. Some practitioners utilize 
the services of pain management clinics or psycho- 
therapy services specializing in chronic pain syn- 
dromes, for appropriately selected patients. 


Regimens of therapy 


There has been wide variation among practitioners 
regarding the appropriate protocol for treatment of 
various back conditions (Shekelle and Brook, 1991). 
Variations include frequency and duration of treat- 


ment as well as the indications for referral or 
additional testing. Consensus documents in North 
America have been developed to provide guidelines 
in these areas (Haldeman et al., 1993; Henderson et 
al., 1994). Hopefully this will lead to a more 
consistent delivery of treatment and decrease the 
widely varying practice habits among practitioners - 
a problem that leads to confusion and frustration for 
the patient, insurance carriers and governments. 

Both American and Canadian guideline documents 
recommend no more than 10 treatments in a 2-week 
period for acute, uncomplicated LBP before seeking a 
second opinion or ordering additional diagnostic 
tests. Chronic LBP syndromes (i.e. 12 weeks or more 
duration) or back pain accompanied by sciatica are 
recognized as requiring a considerably longer period 
of treatment before improvement can be expected. 

Trials of SMT and chiropractic 
management 


There is a common misconception that chiropractic 
manipulative therapy is an unstudied and unscientific 
discipline. In fact, there are more than 50 clinical 
trials using SMT for low back pain. In many (but not 
all) trials the treatment is delivered by chiropractors. 
Unfortunately, many of these studies contain meth- 
odological or statistical errors. Difficulties include: 
lack of controls, inadequately described treatment, 
poorly defined inclusion/exclusion criteria, improper 
sample size, lack of randomization, failure to account 
for drop-outs, improper -statistical analysis and inap- 
propriate extrapolation of results. Despite the various 
shortcomings and pitfalls, there is a sufficient body of 
evidence to warrant the use of SMT for mechanical 
low back pain. These studies can be divided into 
those that examine effectiveness (or efficacy) and 
those that assess cost-effectiveness of treatment. 
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Effectiveness trials 

Of the 50 or so studies of manipulation for LBP, 
almost half lack a control group. Because the natural 
history of back pain is generally favourable and 
spontaneous remission is common, little can be 
concluded when studies lack control groups. In 
studies which use controls or comparison groups, 
alternate treatments include sham manipulation, 
mobilization, modalities (e.g. ultrasound, electro- 
therapy, heat), analgesics, traction, exercise, back 
school, bed rest or surgery. Outcome measures also 
vary widely and have included: pain, range of motion, 
disability, return to work, use of pain medication, 
patient satisfaction and health care utilization. 
Detailed analysis of these studies is beyond the scope 
of this chapter, except to say the large majority favour 
manipulation over other forms of treatment. The 
interested reader should refer to an in-depth review 
by Bronfort (1992). Based on approximately 30 
studies using controls and randomization, the follow- 
ing conclusions can be made: 

a) Spinal manipulation is the most studied form of 
treatment to date for low back pain. 

b) There is more evidence to support the use of 
manipulation therapy for back pain than any other 
treatment. 

c) The effects of manipulation therapy are time 
dependent (as with all other treatments). 

d) Manipulation is most effective for uncomplicated 
mechanical LBP of short duration and is less 
effective in chronic cases. 

e) There is no evidence that manipulation therapy 
prevents back pain or any other disorder. 

The substantial and favourable body of evidence 
supporting the use of SMT in low back pain 
conditions has lead to its recommendation as a first 
line of treatment in recently published multi- 
disciplinary guideline documents in the United States 
and Britain (Bigos et al., 1994; Rosen et al. , 1994). 
The American-based Agency for Health Care Policy 
and Research (AJHCPR) recommends only manipula- 
tion or non-prescription medications in the treatment 
of acute back pain (Bigos et al., 1994). These 
guidelines also advise against many traditional but 
unproven treatments including most prescription 
drugs, various physical modalities (massage, TENS, 
ultrasound, etc), injections, acupuncture, and pro- 
longed bed rest. 

Cost-effectiveness studies 

Cost-effectiveness studies have become more com- 
mon in recent years because of rising health care 
costs and budgetary restraints. The cost-effectiveness 
of chiropractic treatment in particular is being 


studied because of public pressure to have it 
included in government-sponsored health care 
plans. These studies are often culled from Workers’ 
Compensation Board or insurance company data, 
which is collected for bureaucratic purposes rather 
than scientific scrutiny. This can make statistical 
analysis difficult. However, enough information has 
been accumulated to make several valid compar- 
isons of chiropractic treatment to traditional medical 
management. • 

Johnson et al. (1989) reviewed 17 cost-compar- 
ison studies, done in the United States between 
1940 and 1981, in which chiropractic treatment was 
compared to other, more traditional treatment for 
low back injuries. The review concludes that in 14 
of 17 studies, chiropractic treatment was less costly 
and in all but one study resulted in decreased work 
loss. Other studies show that, in general, chiroprac- 
tic management of back pain results in more office 
visits than medical treatment, comparable treatment 
costs, but significantly decreased absenteeism and 
shorter disability (Manga et al ., 1993). The net result 
is significant cost savings in most cases. This occurs 
because the majority of costs associated with low 
back pain are for disability payments and lost 
productivity, not treatment (Cats-Baril and Frymoyer, 
1991). Unnecessary hospitalization and sophisti- 
cated and expensive (but usually unwarranted) diag- 
nostic testing drives the costs of this mostly benign 
condition further yet. Dillon (1981) has shown that 
these spin-off costs are 16-20 times less when 
patients are managed by chiropractors rather than 
medically. The conclusions of approximately 20 
studies looking at cost-effectiveness of various treat- 
ments for low back pain can be summarized as 
follows: 

a) Chiropractic is the most cost-effective treatment 
for LBP studied to date. The lower cost of 
chiropractic treatment results from: 

• fewer auxiliary tests/services; 

• reduced length of LBP disability; 

• reduced rates of chronicity. 

b) Budgetary issues support the use of chiropractic 
as a first line treatment for most back pain 
conditions. 

c) Hospital treatment for low back pain is almost 
always economically wasteful. 

As health care financial restrictions continue, the 
main challenge to all professions may be to show that 
their treatment is more effective and less costly than 
no treatment at all. Recent studies show promise for 
approaching most low back injuries as self-limiting; 
requiring little or no treatment (Malmivaara et al, 
1995). Simple reassurance and timely return to 
activity may be superior to either chiropractic or 
medical/physiotherapy treatment (Indahl et al . , 
1995). 


Copyrighted Material 



Chiropractic management of low back pain of mechanical origin 355 


Summary 


Despite a colourful and controversial history, practi- 
tioners have gained recognition as being well trained 
in the assessment and treatment of mechanical back 
pain. The mainstay of chiropractic management, spinal 
manipulation, has been studied from the physio- 
logical, clinical efficacy and cost-containment stand- 
points. The challenge for the profession now is to 
standardize and improve professional training (prefer- 
ably in university settings), establish a clearly defined 
scope of practice and improve relations with other 
health care professionals. The result will be better 
quality management of mechanical back pain. 
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Introduction 


Low back trouble is, for something so prevalent, a 
surprisingly ill-understood disorder. Whilst the pre- 
vious chapters in this book have attempted to unravel 
the current knowledge of the epidemiology, pathol- 
ogy, biomechanics and the like in order to provide a 
useful framework for clinical management, this chap- 
ter aims to set out an approach to management 
adopted by the typical osteopath. However, as with 
the other ‘manipulative’ professions (and arguably 
most of clinical medicine), osteopaths vary dramat- 
ically in their beliefs and methods, so what follows is 
distilled from a mixture of traditional practice and 
contemporary research findings; the intention is to 
provide a rational framework for the assessment, 
treatment and rehabilitation of low back pain patients 
in the setting of an osteopathic clinic Inevitably there 
will be considerable overlap with the chapters from 
the other therapies which use physical modes of 
therapy, and doubtless there will be osteopaths (and 
scientists) who will disagree with what follows. 

Clinicians traditionally use three main sources for 
their choice of treatment (Weber and Burton, 1986): 
their own experience, what they learn from col- 
leagues, and reports from investigations. The first two 
are empirical and unreliable, but are the most 
frequently used sources; the third, whilst being the 
most rational basis of the three, suffers from the 
problem of dissemination - it follows that, at best, the 
resultant therapy will be suboptimal. In describing 
the osteopathic approach we are aware that we are 
only offering a part of an overall management 
strategy, a part that is underdeveloped yet offers the 
possibility of considerable help for a proportion of 
the patients. Demands for strict scientific proof of the 
efficacy of any treatment, though absolutely essential, 


must not be confused with the duty to comfort the 
patient in all ways (Weber and Burton, 1986). 

Low back pain is experienced by most people, at 
some stage in their lives, to some extent. The clinical 
challenge is arguably not so much the resolution of 
immediate symptoms (the natural history is believed 
to take care of that for many), rather it is the 
reduction of recurrence rates and the prevention of 
progression to chronicity. That medical (and other) 
management has failed is evident from the rising tide 
of back pain disability which is increasing exponen- 
tially in all industrialized societies; it might be argued 
that the majority of current intervention achieves 
little. 

The recent publication of two major documents, 
one in the LISA (Agency for Health Policy and 
Research, 1994) and one in the UK (Clinical Stan- 
dards Advisory Group, 1994) have addressed this 
problem and are likely to have a significant influence 
on back pain management. These documents are 
clinical guidelines for the primary care management 
of back pain patients. The essential message is that for 
the vast majority' of back pain, the approach should 
be one of early positive management, promoting 
early return to normal activity (including work) along 
with a reduction of passive (rest and avoidance) 
approaches. The guidelines stress the need to con- 
sider the psychosocial as well as physical aspects of 
management. Included as an early therapeutic option 
is the use of manipulative treatment, assuming that 
serious spinal pathology has been eliminated in a 
diagnostic triage. 

That osteopathy, or indeed any other manipulative 
therapy, should not be considered a sole solution is 
evidenced from a recent report on a 1-year prospec- 
tive investigation in osteopathic practice (Burton el 
al., 1995). Typically half the patients attending for 
back pain were still disabled to some extent 12 
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months after consultation; it was a combination of 
psychosocial variables, rather than physical findings, 
which best predicted outcome. In another study, 
some 10% of patients had an increased level of pain at 
1 year and, of those who improved, a sizeable 
number did so whilst getting stiffer, despite manip- 
ulative treatment (Burton et al., 1990). Osteopathy, 
then, is not a panacea for back pain and will not be 
considered here as such, rather it will be presented in 
a manner which owes something to traditional 
beliefs, yet complements the philosophy embodied in 
the American and British clinical guidelines, and is 
offered as one component of the primary care 
strategy for reducing both symptoms and the risk of 
chronicity. 


Assessment 


Interview 

Introduction 

Assessment of the patient is seen as being fundamental 
to the choice of management strategy; this goes 
beyond allocation of a diagnostic label. A case history 
is taken in a structured fashion, followed by a detailed 
physical examination. The function of the case history 
is to enable the practitioner to obtain information 
which, when combined with the physical findings, 
can be used to fully evaluate the patient’s needs. It is 
also the starting point of the establishment of a 
therapeutic relationship with the patient, allowing the 
development of trust and confidence. 

The main objectives are 

1 to identify the presenting symptoms; 

2 to identify any possible cause; 

3. to establish the start point and progression of the 
presenting symptoms; 

4. to obtain details of any previous history (of low 
back pain); 

5. to determine the symptom modifying factors 
(aggravating and relieving postures or activities); 

6. to identify any diurnal pattern of symptoms; 

7 to obtain information on any other relevant 
medical problems; 

8. to permit some insight into occupation, general 
lifestyle and relevant psychosocial issues. 

Presenting symptoms 

Fifty-two percent of patients seen by osteopaths in 
the UK present with low back pain; the general 
characteristics are similar to those found in general 
medical practice (Burton, 1981). It is reasonable to 
suppose that this situation is typical for other 
countries. The osteopath believes that the character 
istics and certain aspects of pain are of great value in 


aiding the practitioner in the evaluation. The descrip- 
tion of pain quality, and intensity, can give insight into 
the tissues involved and the ongoing pathological 
processes. Damage to, and inflammation of, the joint 
capsule, muscles and ligaments is said to produce a 
dull, deep, nagging or burning ache. A throbbing, 
beating, pounding pain suggests inflammation with 
vascular congestion. A throbbing pain that is excru- 
ciating, rather than a mere ache, is more indicative of 
a serious pathology. A transient catch or jab may be 
due to a functional defect of a joint segment, resulting 
in a disturbance of joint mechanics. Any involvement 
of a spinal nerve root can excite a severe, sickening 
toothache type of pain, which may also be described 
as shooting and associated with paraesthesia or 
anaesthesia. However, the above must be considered 
as ‘traditional concepts'; they have, in general, not 
been confirmed by scientific research. Although pain 
quality cannot be measured quantitatively, pain 
intensity can be, to some extent, using the visual 
analogue scale which at the moment appears to be 
the most suitable and reliable method available 
(Bolton and Christensen, 1994) The location and 
pattern of pain, although essential to identify, can be 
misleading because the site of the pain does not 
necessarily correspond to the area of abnormality. 
Low back trouble may present with pain in the back 
with, or without, associated referral to the lower 
extremities; occasionally, there may be leg symptoms 
only, or the leg pain may be more severe than the 
back pain The various pain sensitive structures of the 
low back can give rise to pain anywhere in the 
distribution of their segmental somatic or autonomic 
innovation in the corresponding dermatome, myo- 
tome or sclerotome. This can be of a radicular or non- 
radicular pattern. Radicular pain has been defined as 
pain resulting from a lesion of a spinal nerve root, 
radiating from the back into the dermatome of that 
nerve root; however, there is a large degree of overlap 
between areas, as no one area is exclusively innovated 
by one nerve root. Non radicular pain is that radiating 
to the buttock and leg in a non-dermatomal pattern. It 
can be located around the sacroiliac joint, gluteus 
medius origin, posterior iliac crest, anterior superior 
iliac spine, greater trochanter, postero- or anterolateral 
thigh or the calf. 

Associated symptoms 

The patient is asked about the nature and site of any 
associated symptoms, such as paraesthesia, numb- 
ness or weakness. The presence of any of these in a 
dermatomal or myotomal distribution may indicate 
the possibility of a nerve root irritation; a more 
generalized distribution may be an accompaniment of 
non-radicular pain It is important to pay special 
attention to evidence of saddle anaesthesia and 
alteration in micturition or anal sphincter control to 
exclude cauda equina involvement. 
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Onset and temporal pattern 

The apparent causative action, if any, is important to 
determine. This, together with knowledge of sub- 
sequent events, can aid diagnosis and treatment 
selection, the nature, extent and fluctuations in 
disability, as well as any work-relatedness, can guide 
overall management. Previous consultations with 
medical practitioners or self-administration of medi- 
cation, can be used as an indication of severity. 

Pain lasting from 0 to 7 days has been defined as 
acute', pain lasting 7 days to 3 months ‘subchronic’, 
and anything of a duration greater than 3 months as 
‘chronic’ (Frank, 1993); whilst there is some debate 
about the point at which chronicity can be said to be 
established, these definitions are a practical classifica- 
tion for the purposes of osteopathic management. 
The temporal pattern, both diurnal and long term, 
can help in diagnosis and management. There are 
certain pain patterns that are believed to be a 
common feature of specific conditions, but they have 
not, in large part, been validated by clinical experi- 
mentation. However, pain that is worse first thing in 
the morning, and eases on movement, may suggest 
some value will be gained from, say, the use of 
exercises; pain that is worse at night may require 
advice on sleeping arrangements. Pain which is 
getting steadily worse, or remaining static, indicates 
the presence of maintaining factors that are prevent- 
ing recovery, eg. postural asymmetries, prolonged 
work postures or repetitive actions, or indeed some 
psychological overlay. 


Symptom modifying factors 

Knowledge concerning factors that aggravate or 
relieve the pain can be useful diagnostic aids, and 
have been tentatively suggested as criteria for syn- 
drome identification (Burton, 1983), whilst Sweet- 
man et al. (1993) found a discrete group of low back 
pain patients exhibiting a ’contra-bend’ sign, where 
flexion or rotation to one side produced pain on the 
opposite side. Symptom modifying factors may give 
an indication of disability and loss of function, and 
hence the degree of severity of the low back disorder 
(Waddell and Main, 1984). Commonly, inquiries are 
made concerning the effects of lying down, standing 
(both stationary, or from sitting), walking, sitting 
slumped and supported, bending, lifting, coughing, 
heat, and cold. Again, the value of such interview 
details is to guide management as well as in establish- 
ing a diagnosis. 

Some examples commonly used by osteopaths can 
be given but not all have been substantiated in 
clinical studies. Pain originating from the facet joints 
is usually induced by extension, exacerbated by 
sitting or standing, and reduced by walking (Fairbank 
el al ., 1981). Discogenic pain is aggravated by sitting, 
straining and flexion, and relieved by lying, especially 


prone. A postural or stabilizing muscle will cause pain 
after prolonged usage, but a muscle used primarily for 
movement will cause discomfort at first attempting 
contraction or during rapid contraction Neurogenic 
pain is aggravated by walking or standing, with 
recovery on sitting, bending, lying or squatting. 
Inflammatory states are usually worse on initial 
movement after immobility and then eased by con- 
tinuation of movement. They are relieved by cold 
treatments and anti-inflammatory pain killers. Degen- 
erative states tend to favour light, short duration 
activity 

Previous history 

Low back pain is known to have a high recurrence 
rate, particularly in the first 2 years (Lloyd and Troup, 
1983) This has significant implications for manage- 
ment; it may be unrealistic to expect total sympto- 
matic resolution, or to expect that recurrences will 
not occur. 

Inquiries will be made to gain some impression of 
whereabouts in the natural history the present spell 
lies; an early age of onset of the first spell seems to be 
one of the factors predictive of future chronicity 
(Burton and Tillotson, 1991). Some osteopaths 
believe that recurrent problems since childhood may 
point to a congenital disorder, and that a number of 
fairly minor episodes, occurring during the 20s and 
30s, may be related to early disc degeneration and the 
possibility of a risk of herniation. However, it must be 
borne in mind that precise quantification of the 
previous history is at the mercy of amnesia! 

Other medical conditions 

It is essential, of course, that the patient be deemed 
suitable for osteopathic treatment. This can be 
established through questions concerning past medi- 
cal history and current general health. Enquiries are 
made as to the occurrence of any serious illness, 
major operations or accidents as well as forms of 
treatments given and any ensuing complications, all 
of which will affect the physiological state of the 
patient. 


Summary 

In simple terms the interview will have given an 
indication of whether the symptoms are of a mechan- 
ical nature or from a pathological or extraspinaJ 
origin In addition, the osteopath will have used this 
interaction to gain a comprehensive, multimodal 
assessment of the patient, which will be used along 
with a physical examination to formulate a strategy 
for management of the individual rather than just the 
presenting symptoms. 
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Examination 

Observation 

Observation is listening to the patient with your eyes 
From the First meeting, to reaching a diagnosis, one 
should be continually observing the patient. When 
first meeting a patient, a lot of information can be 
gleaned simply by observation; how they hold 
themselves, how they move (ease or fluidity of 
movement, e g. moving from sitting to standing), the 
presence of postural asymmetry, a limp, facial expres- 
sions (indicating possible overt pain behaviour). 
From observation a further overview of the patient’s 
physical and psychological state can be formed. 


Clinical examination 

When examining a patient clinically it is important to 
consider initially the patient's suitability for osteo- 
pathic treatment. A prime concern is to ensure that 
the neurological system is not compromised and to 
eliminate any serious or pathological conditions. The 
signs and symptoms to be aware of from a clinical 
viewpoint are well outlined elsewhere and are 
described as 'red flags’ (Clinical Standards Advisory 
Group, 1994). If the patient exhibits any of the 
following signs or symptoms then urgent referral to 
hospital is appropriate: 

• Difficulty in micturition 

• Loss of anal sphincter control or faecal incon- 
tinence. 

• Saddle anaesthesia (anus/perineum/genitals). 

• Widespread (more than one nerve root involved) 
or progressive motor weakness. 

If the following signs or symptoms are present, 
further investigation may be required to eliminate 
serious spinal pathology or systemic illness: 

• Constant non-mechanical pain. 

• Violent trauma. 

• Systemic steroids, drug abuse. 

• Weight loss, history of carcinoma. 

• Systemically unwell. 

• Persisting severe restriction of lumbar flexion. 

• Structural deformity. 

• Any deep lingering pain after pressure. 

The general screening for complications is done using 
standard clinical tests covering the following: 
reflexes, myotomes, dermatomes, orthopaedic tests, 
straight leg raising test, femoral nerve stretch test, 
root tension signs, neurological tests. Some may be 
omitted depending on symptoms and history. Assum- 
ing that these tests reveal nothing untoward, and that 
there are no other red flags’, the rest of the physical 
examination can be performed. 


Standing exam 

With the patient standing, it is possible to assess their 
posture By looking at the surface anatomy, it 
becomes apparent, for instance, if a scoliosis or 
increased/decreased lordosis/kyphosis is present. By 
observing the skin, it may be possible to detect an 
underlying anomaly, e g. a small growth of hair at the 
base of the lumbar spine can indicate the presence of 
spina bifida. By looking at the surface contours, 
changes in muscle size, or shape, can indicate muscle 
atrophy/hypertrophy or increased/decreased muscle 
tone. Assimilation of all the various bits of information 
will give the osteopath a picture of the patient and 
how their body is used. 


Active movement 

When examining active movement, an osteopath will 
examine not only the extent of mobility 7 in the spine, 
but also that of the joints of the lower limbs, looking 
at the ease and fluidity of movement, any movements 
which produce pain, and comparing quality and 
quantity of movement between left and right sides. 
This allows the osteopath to determine if there is any 
mechanical dysfunction in the lower limb joints, 
which may be predisposing to, or maintaining, the 
patient’s problems in the lumbar spine. 


J.umbar spine and sacroiliac joints 

With active movement, an osteopath is looking at 
how the whole spine functions not just the lumbar 
spine. As part of the standing examination, it is 
necessary to assess the active movement of the 
patient’s whole spine, looking at flexion, extension, 
side-bending and rotation, looking at the quality and 
quantity of movement and for the movements, or 
combined movements, which cause pain, specifically 
ones which reproduce or ease the pain of which the 
patient is complaining. To assess the sacroiliac joints, 
an osteopath will palpate in the sulcus of the 
posterior superior iliac spine and ask the patient to 
forward flex whilst looking for asymmetrical joint 
movement. 


Palpation 

Palpation is the osteopath’s prime method for assess- 
ing passive movement of spinal joints (and indeed the 
effects such movement has on paraspinal soft tis- 
sues). It is very much an individual art; what each 
osteopath palpates ostensibly is the same, but the 
interpretation varies and interobserver variance is 
known to be great (Burton et at, 1990). Never- 
theless, osteopaths rely on their palpatory ability and 
use it to detect joint movement and tissue changes. It 
is this use of palpation to ‘quantify’ joint movement 
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and tissue changes that, arguably, differentiates oste- 
opathy from some of the other manual therapies. 

There are four common parameters examined 
when palpating either spinal or peripheral joints. In 
the lumbar spine, the following parameters are 
considered: 

1. Relative joint movement. By palpating on the 
spinous processes, movement of individual 
motion segments (in flexion, extension, side- 
bending and rotation, or their combinations) can 
be assessed relative to the segments above and 
below. 

2. Joint crepitus/tenderness. By palpating over the 
zygapophysial joints the quality of joint movement 
can be appraised, any crepitus detected, and 
whether or not the paraspinal structures are 
tender to touch/movement. Though an osteopath 
will palpate the joint for tenderness, the inter- 
pretation of this sign is problematic; many low 
back pain patients wifi display residual lumbar 
tenderness up to a year after consultation, despite 
having recovered from their presenting problem 
(Burton et al., 1993). 

3. Muscle tone. The osteopath will also palpate the 
muscle masses, feeling for hyper- or hypotonicity, 
fibrotic tissue, atrophy and hypertrophy. The 
reaction of the muscles to movement, whether or 
not it contracts or relaxes, will be assessed. 

4. Skin. Local changes in skin temperature will be 
noted, e g. an increase in temperature indicating 
possible inflammation. 

Some osteopaths will routinely do a palpatory exam- 
ination of the joints of the lower limb, and indeed 
other spinal regions, in all cases of low back pain, but 
many would argue that this is only necessary if other 
elements of the examination and interview indicate 
that there may be a problem which could be having 
an influence on the symptoms from the low back. 

The use of sophisticated diagnostic methods such 
as radiography or blood tests have not been discussed 
here. Their value is not in question; rather, access to 
these procedures will depend on local availability, 
and in many instances, the suspicion of a condition 
requiring such investigation will be reason for referral 
to the appropriate medical authority. 

Summary 

The osteopath, then, first carefully explores the 
patient's physical well-being and performs the normal 
clinical tests, to establish suitability for physical 
treatment. Palpatory findings will contribute to the 
eventual conclusions. Although osteopaths do make 
specific diagnoses (often based on the structures 
supposedly involved), the terminology varies sig- 
nificantly between practitioners and is outside the 
scope of this overview. Having thoroughly inter- 


viewed and examined the patient, the osteopath 
should now be in a position to offer a management 
strategy based on the findings from that individual as 
opposed to being based solely on a diagnostic label. 


Management 


The management strategies outlined here are those 
that a typical osteopath might use in office-practice, 
but the principles would apply similarly, though with 
suitable modification, in a hospital or industrial 
environment. 


Aims 

The principal aim of osteopathic treatment, when 
applied to mechanical low back pain, is the restora- 
tion of normal function to the lumbar spine and its 
surrounding tissues. Traditionally, the main focus is 
lumbar mobility, or more specifically an increase in 
the range of mobility at one or more intervertebral 
joints. It is well accepted that there is, on average, a 
reduction in the extent of lumbar mobility in the 
presence of low back pain, and there is evidence that 
improvement of biomechanical function is, on aver- 
age, associated with improvement in mechanical low 
back pain conditions (Doran and Newell, 1973; Koes 
et al., 1992; Greenough and Fraser, 1994; Mitchell 
and Carmen, 1994). However, it has also been shown, 
on an individual basis, that symptomatic improve- 
ment is as common in patients with unaltered or 
reduced extent of lumbar flexibility (Burton et al, 
1990) It may be that the focus of treatment should be 
on dynamic qualities of movement rather than just 
the (static) range. There is little scientific evidence to 
support this view, but it is one which osteopaths 
intuitively follow. The tissues likely to be directly 
affected by osteopathic manipulative treatment are 
the lumbar musculature, ligaments, joint capsules, 
and possibly synovial fluid or local vascular/lym- 
phatic systems. Indirectly, the nutritional pathways to 
the intervertebral disc may be influenced, and there 
may also be an indirect effect on neuromuscular 
performance from afferent stimulation. In short, the 
effects are likely to be on the structures concerned 
with dynamic function. 

There is much discussion in osteopathic circles 
regarding natural healing mechanisms within the 
body, though traditionally treatment is applied with 
the intention of enhancing such repair and recovery. 
All human bodily functions rely on a homeostatic’ 
balance within the physiology of the tissues; if this 
situation alters, pathological change may then take 
place in the tissues. Therefore, it follows that abnor- 
mal function is a step towards pathological change 
within tissues. Such changes may occur in the soft 


Copyrighted Material 



Osteopathic management of mechanical low back pain 363 


tissues of the lumbar spine (e g. fibrotic infiltration of 
muscle, ligament, fascia, synovium, and joint cap- 
sules, or degenerative changes in hyaline cartilage). 
Medication and surgery will often be incompatible 
with such changes, leaving physical approaches such 
as manipulative treatment as an alternative. If no 
treatment is offered in these circumstances, does the 
functional state of the lumbar spine continue to 
deteriorate leading to irreversible structural changes 
and chronic pain and disability? 

If it is accepted that the lumbar spine should have 
certain qualities, and/or ranges, of movement, then 
the goal is achieving as near to normal (for that 
individual) as possible. There is much uncertainty 
regarding whether or not mobility of the sacroiliac 
joints contribute to lumbar dysfunction. It is believed 
by many osteopaths that positional malalignment of a 
sacroiliac joint can contribute to mechanical low back 
pain, but there is conflicting evidence in the literature 
(Vleeming el al ., 1990). Tissues which may influence 
lumbar movement are the target for treatment; 
attempts may be made to reduce muscle tone, stretch 
fibrotic areas, and increase elasticity of joint capsules 
and intersegmental ligaments. If movement, and 
therefore function, is improved, then normal repair 
mechanisms should ensue The notion proposed by 
osteopaths is that subtle impairments of movement at 
a segmental level are of paramount importance for 
correct function. This theory is not proposed as an 
alternative to so-called 

paths simply believe that much management of 
mechanical low back pain often overlooks considera- 
tion of intersegmental movement. 

When considering the subject of mobility, the 
osteopath will go further and suggest that impaired 
movement in other areas of the musculoskeletal 
system can influence the lumbar spine. If there is a 
fault at the ankle, knee, hip or thoracic spine, then 
abnormal stresses may be exerted on the lumbar spine 
tissues, causing dysfunction. Poor thoracic movement 
will result in an increased strain on the lumbar spine 
during bending/lifting. An ankle, knee or hip condition 
which alters gait may result in abnormal strain on the 
lumbar spine. It may be considered that these other 
areas are the locus of the primary fault which, if not 
addressed, will result in treatment to the lumbar spine 
being suboptimal and only a temporary measure; in 
time, the lumbar dysfunction will recur. 

The osteopath's approach will go beyond the 
mechanical consequences of impaired mobility. It is 
recognized that fear of pain, and negative attitudes, 
may prolong an episode of low back pain and may 
also be a factor in the progression to chronicity (Lee 
et al. , 1989; Burton et al., 1995; Symonds et al., 
1995). Thus, a vital component of the management 
process is to alter any inappropriate attitudes and 
beliefs. Chronic pain is a complex phenomenon, 
involving not only tissue damage but attitudes to 
pain, coping strategies, previous experience of pain, 


and alteration of the central processing mechanisms. 
It should be a paramount aim in the management of 
acute patients to avoid progression to chronicity. 

Treatment 

In order to achieve the stated aims, a variety of 
technical approaches may be utilized, depending on 
the individual needs of the patient. Three broad 
classes of manual procedures are used more or less 
universally, but there are other techniques, beyond 
the scope of this chapter, that are used by some 
osteopaths. Advice, in its various forms, should be 
considered a part of the therapeutic process. 

Classification 
Soft tissue 

This term refers to direct contact techniques applied 
to muscle and ligamentous tissue. Three types of 
muscle techniques are used; cross-fibre stretch, longi- 
tudinal stretch, and deep pressure. Cross-fibre stretch 
is force applied at right angles to the muscle fibres in 
order to relax the muscle, or increase the elasticity of 
the muscle fibres. The mechanism by which muscle 
tone is reduced is not fully understood, but it is 
thought that the Golgi tendon apparatus has a role to 
play in adjusting muscle tone. Longitudinal stretch is 
force applied along the length of the muscle in order 
to increase elasticity by breaking cross-linkages and 
stretching fibrous tissue. Deep pressure is applied to 
so-called ‘trigger points’, to specific muscles and to 
areas of fibrosis, to increase local circulation and alter 
afferent input to the neuromuscular reflex. Liga- 
mentous tissue can also be stretched either across the 
fibres, longitudinally, or with deep pressure. 

Articulation 

This term refers to passive joint movement. The joint 
involved (zygapophysial) is moved within its normal 
physiological range; in practice, articulation may be 
combined with soft tissue techniques. Jf the joint 
capsule or inter segmental ligaments are to be stret- 
ched, then the joint can be moved beyond its 
resistance. Joint movement can be carried out with the 
patient side lying, supine, or prone; flexion, exten- 
sion, lateral flexion and rotation (or combinations 
thereof) are possible. A swing-leaf plinth allows the 
patient to lie prone and passive lateral flexion to be 
carried out with ease; considerable amplitude can be 
achieved with a surprising degree of control, and soft 
tissue stretch is possible at the same time. The effect of 
articulation is believed to be an alteration of neu- 
romuscular control, allowing improved intersegmen- 
tal mobility (with resultant pain free movement) and 
an increase in the local circulation adjacent to the 
joint, thus aiding the reduction of inflammation. 
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High velocity thrust 

This term refers to a specific joint manipulation. The 
zygapophysial joint is the focus of the thrust. The aim 
of high velocity thrust techniques (HVT) is to 
separate the joint surfaces at right angles to the plane 
of the facets. The joint is brought to a point of tension 
using a combination of movements, flexion/rotation 
and side-bending with or without compression/ 
traction. If a left lumbar joint is to be thrust, the 
patient would be lying on the right side with the 
lower leg straight and the upper leg flexed at hip and 
knee; the thorax would be rotated left and flexed; the 
pelvis and lumbar spine are rotated right. The 
intention is to focus the rotational forces from 
thoracic and lumbar ‘levers' to a single spinal level; 
careful palpation is used to guide the leverage and 
bring the joint concerned to that point of tension 
where the soft tissues begin to limit motion; this will 
always be within the normal physiological range of 
the joint. At this point of tension, a force is applied at 
right angles to the joint surface with high velocity but 
a very small amplitude, thus gapping the joint 
surfaces and producing ‘cavitation’. It is emphasized 
that the joint should not be moved outside its normal 
physiological range. The process of cavitation pro- 
duces a temporary separation of the joint surfaces 
allowing an increase in the range of movement 
available (Unsworth et al., 1971). A longer lasting 
effect is thought to be brought about by afferent 
input altering the feedback in the neuromuscular 
reflex arc, thus changing the efferent message to the 
muscle spindles, resulting in a reduction of muscle 
tone. Any of the lumbar zygapophysial joints can be 
manipulated in this way. The sacroiliac joint may also 
be manipulated, but opinion differs as to efficacy; at 
what age the joint may fuse is also the subject of some 
debate (Vleeming et al., 1990). 

Advice 

Contact time with the practitioner occupies a small 
proportion of the recovery period; advice is required 
to supplement the manual therapy. It seems to be 


increasingly clear that management, rather than just 
prescribed treatment for mechanical low back pain, is 
an important distinction. In acute cases, there may be 
some value to be gained from the use of non-steroidal 
anti-inflammatory preparations (NSAIDs). A knowl- 
edge of the patient’s work or sport is necessary, and 
simple effective advice given and reinforced, the 
various national, and international, guidelines on 
work practices and workstations should be con- 
sidered. Having said this, it should be recognized that 
prolonged work loss is detrimental, and that exercise 
in the form of sports can contribute to recovery. 
Thus, sickness absence is only suggested if absolutely 
necessary, and return to gentle exercise and sports 
pursuits should be advised at the earliest opportunity. 
Prescription of rehabilitation exercises which have a 
dynamic (rather than passive) component is seen as a 
fundamental part of the management process, partic- 
ularly in chronic cases. There is strong evidence that 
the psychosocial factors are of paramount impor- 
tance in recovery from low back pain (Burton et al., 
1995). Encouragement of movement and everyday 
activities is important for reduction of fear avoidance 
behaviours. Bed rest is used only when essential, and 
restricted to a maximum of 3 days for mechanical low 
back pain. 

Frequency 

How often should a patient be treated? This will vary 
quite considerably between practitioners, but the 
condition being treated will obviously influence the 
decision. A wide range for the number of treatments 
has been reported for osteopathic practice, but the 
average of six treatments is probably typical (Burton 
et al., 1995). In cases with acute tissue damage, 
treatment twice a week seems necessary; support for 
the patient is essential in alleviating their fears and 
concerns. Some considerable encouragement will be 
needed to help them return to normal activities as 
quickly as possible. Table 23.1 gives general guide- 
lines of treatment frequencies likely to be performed 
by osteopaths for different forms of low back trouble. 


Table 23.1 Osteopathic treatment for mechanical low back pain - frequency of visits 


Condition Treatment frequency 



Weekly 

sessions 

Fortnightly 

sessions 

Monthly 

sessions 

Average number 
of sessions 

Follow-up 

sessions 

Acute low back pain 

2-4 

2-4 

1-3 

5-6 

no 

Acute low back pain and sciatica 

2-4 

2-4 

1-6 

6-10 

yes 

Subchronic low back pain 

2-4 

2-4 

1-3 

5-6 

no 

Subchronic low back pain and sciatica 

2-4 

2-4 

1-6 

6-10 

yes 

Chronic low back pain 

2-4 

2-4 

1-6 

5-10 

no 

Chronic low back pain and sciatica 

2-4 

2-4 

1-6 

6-12 

yes 
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Maintenance visits, particularly in chronic or recur- 
rent cases, are used by many osteopaths to monitor a 
patient over time. The interval may be 2-4 months, 
and the visit may consist of an assessment only, or 
may involve some treatment. Whether this helps or 
hinders is unknown. 

Outcome 

The success of a treatment should be considered in 
the light of the natural history of the condition 
(Weber and Burton, 1986), which for, say, disc 
herniation is possible to predict with reasonable 
accuracy (Saal et al . , 1990; Weber, 1995). However, 
the natural history of much mechanical low back 
trouble is essentially unknown and typically follows a 
fluctuating course both within and between spells. 
Thus the apparent effectiveness of treatment may 
depend more on when outcome is measured, than on 
any alteration of the natural history (Weber and 
Burton, 1986; Deyo, 1994). A further question arises 
when deciding on when therapy or management 
should end; up to 50% of patients will still have 
residual symptoms on return to work (Lloyd and 
Troup, 1983). It is extremely important that these 
issues are recognized, for they will influence not only 
clinical management but also what information can 
be given about likely outcomes to adjust patient 
expectations. Definition of outcome status is based 
not only on symptomatic change but should also 
include change in disability (improvements in ability 
to perform activities of daily living) and recurrence 
patterns. Realistic goals should be set out at an early 
stage of management; they should include both short- 
and long-term outcomes, and will involve warning 
the patient about fluctuations in symptoms during 
the course of treatment. A positive but believable 
approach is vital from a psychological point of view 


for the patient’s hope and attitude to recovery; 
unreasonable expectations can only bring despair and 
loss of trust. Goals and targets can, of course, act as a 
monitor for both patient and practitioner. 

Functional management 

Table 23.2 presents a simple starting point from 
which to view osteopathic management principles of 
acute, subchronic and chronic mechanical low back 
pain. For conditions with no significant structural 
abnormalities, the specific aims can be summarized 
as follows: 

1. to reduce muscle spasm and to influence neuro- 
muscular reflexes; 

2. to increase segmental mobility; 

3. to reduce fear and anxiety and to promote a 
positive outlook; 

4. to advise exercises which will encourage or 
maintain dynamic spinal movement; 

5. to advise on work practices and sports participa- 
tion in order to reduce risks of recurrence. 

Acute low back pain 

When acute low back pain is of mechanical origin, it 
is thought to be a benign, self-limiting condition, but 
chronicity (symptoms lasting more than 3 months) 
is common, and many patients do not actually 
become symptom free (at 1 year), even when 
treated (Hickman and Mason, 1993; Burton et al., 
1995). Osteopathic treatment should attempt to 
return the patient to normal activities as soon as 
possible, with particular attention to fear of pain and 
attitudes to movement or exercises. Treatment 
focuses on muscle relaxation, joint mobilization, 


Table 23-2 Summary of osteopathic management of low back pain 


Type 

Soft tissue 

Articulation 

HVT 

Pain relief 

A cti vi ty/exercises 

Advice 

Acute 
± leg pain 

paraspinal 

cross-fibre, 

inhibition 

small 

amplitude 

short 

leverage 

ice packs 

encourage walking 

limit sitting and over- 
exertion; encourage general 
exercise/sport 

Subchronic 
± leg pain 

cross -fibre, 
stretching, 
friction 

larger 

amplitude 

normal 

leverage 


encourage general 
exercise/activity 

early uptake of sport; Palter 
work practices; promote 
+ve attitudes 

Chronic 
± leg pain 

stretching 

larger 

amplitudes 

normal 

leverage 


encourage daily 
walk and general 
exercise 

progressive uptake of sport; 
reduce fear-avoidance 

behaviours 

Root compromise 

acme or 

subchronic 

inhibition, 

cross-fibre 

small 

amplitude 

side-bending, 

traction 

minimal 

ice packs 

encourage 

mobility 

limit sitting, driving and 
lifting; gradual return to 
activity; promote +ve 
attitudes 
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anti-inflammatory measures, and encouragement of 
movement and activity. High velocity thrust tech- 
niques, articulation and soft tissue techniques, are all 
felt to be effective in the acute phase. Bed rest 
should be avoided if at all possible. Walking should 
be encouraged from the start, sitting still should be 
limited to 10 minutes maximum, driving should be 
only in short spells, gentle exercises to encourage 
soft tissue stretch are appropriate (flexion, rotation 
and side-bending). Anti-inflammatory measures and 
analgesics can be useful to control symptoms. A 
patient would normally be seen twice during the 
first week, then weekly for approximately 2-4 
weeks, Discharge from treatment would depend on 
likelihood of recurrence. 

Subchronic low back pain 

This is an intermediate time between 1 week and 3 
months. A patient in the subchronic phase will have 
soft tissue changes (fibrosis) and altered neuro- 
muscular activity which should respond to manual 
treatment. Larger amplitude movement during treat- 
ment will encourage joint mobility, and all techniques 
of osteopathic treatment are appropriate. Daily exer- 
cises will be needed to maintain any changes brought 
about from treatment; swimming and use of a 
gymnasium may be advised. A patient would normally 
be seen on a weekly basis for approximately 1 month, 
with regular check ups at perhaps monthly intervals 
for 3-4 months. 

Chronic low back pain 

This is classed as a condition with a 3-month or more 
history. Considerable tissue changes may have taken 
place within the lumbar musculature and ligaments. 
Chronic low back pain is a complex disorder 
involving not just physical changes in soft tissues, but 
also frequently is accompanied by psychological 
distress (Main et at, 1992), and there may be 
disturbance of the central processing of pain. All the 
osteopathic techniques are relevant to help the 
mechanical aspect of the condition, soft tissue 
techniques may concentrate on deep friction and 
articulation will be large amplitude. Much encourage- 
ment and support is needed to overcome fear that 
activity will do further damage or aggravate the 
condition. Exercises, or regular sport/activiry, are 
vital. Advice on work practices, or sport training 
schedules, can help prevent the ongoing nature of a 
condition. Regular ‘check-up’ visits are thought by 
some to be worthwhile in monitoring the condition. 
This does give the osteopath the chance to maintain 
the emphasis on activity and exercise and avoids the 
patient being left alone with no advice, perhaps 
becoming confused about what to do next. Com- 
pliance with treatment and advice is perceived to 
have a large influence on recovery. 


Structural management 


Some mechanical low back conditions will have a 
concomitant primary or acquired alteration to spinal 
structure; the relationship between many structural 
faults and symptoms is mostly speculative unless the 
abnormalities are gross. Some of the conditions 
which fall into this category are: 

1. Degenerative zygapophysial joint disease. 

2. Degenerative intervertebral disc disease with or 
without herniation. 

3. Lateral scoliosis. 

4. Congenital anomalies. 

5. Spondylolisthesis. 

6. Facet tropism. 

Moderate spinal degeneration does not preclude 
osteopathic treatment. The general treatment princi- 
ples outlined above will apply, but care should be 
taken to observe any nerve root compression which 
could result from osteophytic outgrowth. Extension 
exercises, and unnecessary extension during treat- 
ment, should be avoided, as the compressive force on 
the facet joints may result in inflammatory reaction. 
Degenerative changes can be quite severe without 
any apparent pain, or may only cause pain period- 
ically. The compensatory changes which develop over 
time often allow for relatively good function. Once 
the patient is comfortable, treatment should probably 
cease; attempts to reverse the condition are futile. 
Appropriate surgical/medical opinion should be 
sought if response to treatment is poor, or deteriora- 
tion is evident. 

A herniated intervertebral disc may, or may not, 
produce nerve root irritation. As long as there are no 
signs suggesting a need for urgent surgical inter- 
vention, then manipulation can be justified (Cassidy 
etal., 1993). A lack of improvement over the first 6-8 
weeks (or earlier progressive deterioration) will 
indicate a need for (orthopaedic) referral Again all 
classes of osteopathic treatment are appropriate; 
sitting should be limited, walking should be encour- 
aged, lifting should be avoided, extension exercises 
may be helpful (Magnusson et at, 1995). Return to 
normal activities should begin as soon as possible. A 
structural lateral scoliosis of the spine causing pain 
can respond to osteopathic treatment; any attempt to 
reverse the scoliosis is inadvisable. The aim of 
treatment is to encourage good mobility within the 
structural limits. All manipulative techniques may be 
used in most cases. 

Congenital anomalies of the lumbosacral spine are 
often not identified during the examination, and 
rarely have any relationship to the back pain. A 
mechanically unstable spondylolisthesis is an obvi- 
ous exception, but stable anterior shifts may gain 
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considerable symptomatic relief from osteopathic 
treatment (though high velocity thrusts and vigor- 
ous articulatory manoeuvres would not be used). 

Summary 

What has been presented here is a pragmatic 
approach to the osteopathic management of back 
pain; for detailed descriptions of particular aspects of 
theory and technique, the reader will need to consult 
osteopathic texts. Doubtless, much of what has been 
detailed here will be common to the other 'manual' 
professions, and equally doubtless is the fact that not 
all osteopaths will agree with what has been written 
under their banner. Some of what has been proposed 
is what osteopaths typically do and believe to be 
effective, despite the limited support in the literature 
for the efficacy of osteopathic methods or any other 
manipulative therapy (MacDonald and Bell, 1990; 
Koes et al., 1991). The other aspects introduced have 
been an attempt to focus on restoration of function 
not only for chronic cases (where functional restora- 
tion has been shown to be helpful (Kohles et al., 
1990)), but also to conform with emerging guidelines 
for management of acute cases (Clinical Standards 
Advisory Group, 1994). 
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Physiotherapy management of low back pain of 

mechanical origin 

Stephen J. Edmondston and Robert L. Elvey 


Introduction 


The use of manual treatment for low back pain has 
evolved from massage and basic exercise, to the 
present, where manual therapy is a recognized 
specialization within the physiotherapy profession. 
The role of the manual therapist is to assess pain and 
function, detect movement abnormalities, test ana- 
tomical structures and design a treatment programme 
which is related to realistic goals (Farrell and Jensen, 
1992). In the process of learning clinical manual 
therapy, the physiotherapist is presented with what is 
at times a bewildering array of examination and 
treatment techniques. These may follow one or more 
of the popular approaches’ to manual therapy 
(Twomey and Taylor, 1987) and generally provide a 
framework around which a clinical diagnosis can be 
achieved and an appropriate treatment plan devised. 
While this may appear to be a suitable model for 
teaching purposes, in the reality of the clinical 
situation, the clinician with littie experience to draw 
on is likely to run into trouble on a number of fronts. 
It is with this problem in mind that this chapter is 
based. It is not the intention to reiterate detailed 
descriptions of clinical techniques which are well 
documented in numerous contemporary manual 
therapy texts. Rather it is to guide the inexperienced 
clinician in the use and interpretation of these 
methods, and to help bridge the gap between manual 
therapy theory and practice. 

The physiotherapy approach to managing low back 
pain is largely based on the methods described by 
individuals working in this area of the profession. 
While differences exist, the common thread between 
these methods is that they seek to determine the 
quality and range of spinal mobility, in relation to the 
presenting symptoms, as a basis for treatment pre- 


scription. It is the purpose of this chapter to integrate 
these examination procedures further and to provide 
some guidelines and rationales to assist in formulating 
an appropriate treatment. The primary focus for 
treatment is on methods of spinal joint mobilization 
and associated exercise. While the assessment of 
muscle imbalance and neural tissue involvement are 
recognized as important aspects of mechanical ther- 
apy for the lumbar spine, these will not be specifi- 
cally covered in relation to the treatment methods 
described here and readers are referred to the 
primary sources for details (Jull and Janda, 1987; 
Butler, 1991; Norris, 1995a). The management of 
chronic low back pain is another area in which 
physiotherapists are having an increasing role. How- 
ever, the complexity of chronic pain and the diversity 
of the approaches to treatment are beyond the scope 
of this chapter. 

The first part of this chapter provides an overview 
of the subjective examination with some explanation 
of possible responses and situations where a modified 
or abbreviated examination may be required. Some 
factors to consider prior to performing a physical 
examination are described as a preface to a summary 
of the examination procedures. The interpretation of 
the examination findings and factors to consider in 
planning an appropriate treatment are discussed 
briefly. The second part of the chapter describes the 
various approaches to the treatment of low back pain 
and the rationale for technique selection in various 
clinical presentations. There is no attempt to describe 
treatment methods for specific clinical 'syndromes' 
(McKenzie, 1981) or to provide ‘recipe’ treatments 
for specific presentations. Rather, we have attempted 
to provide a framework for a problem-solving 
approach to treatment which is based on movement 
abnormalities, and the severity and irritability of the 
associated symptoms. 
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Examination 


Subjective examination 

Many patients will report with little prompting a 
good description of the nature and history of their 
problem. The patient must be given an opportunity to 
tell their story but should be guided, with careful 
questioning, towards providing the information 
which is required. It is important not to interrogate 
the patient with a long series of structured questions. 
Some patients may have difficulty in interpreting the 
questions and should be assisted by rephrasing the 
question or suggesting possible responses. The ques- 
tions should be kept open and free of bias so as not to 
influence the response. On occasions, particularly in 
recent cases, acute pain elements of the subjective 
examination may not be relevant and can be omitted 
or modified as is appropriate. 

Most patients present with pain or discomfort as 
their primary problem (Grieve, 1991) and the general 
format of the subjective examination is structured 
accordingly It is important to determine at the 
beginning of the examination whether it is pain or 
some other factor (usually stiffness) which is the 
patient's principal problem. In the case of the lumbar 
spine, it is unusual for patients to present with 
stiffness, which is not associated with some degree of 
discomfort during movement or with certain activ- 
ities or postures. The essential elements of the 
subjective examination where pain (together with 
functional limitation) is the primary complaint are 
described in Table 24.1 (modified from Maitland, 
1986). 

Pain 

A clear description of the location, nature, intensity 
and frequency of the symptoms is essential. Pain in 
the lumbar spine and any referred pain should be 
noted as well as areas of paraesthesia and numb- 
ness. Pain which is constant in nature is indicative 
of an inflammatory process, while intermittent pain 
is more likely to be mechanical in origin (Bogduk, 
1984). Many patients, particularly those with acute 
back pain, may have pain which is both chemical 
and mechanical in nature. The location of the pain is 
unlikely to be helpful in determining the patho- 
logical spinal level (McCall et al , 1979) but the 
nature and severity of the referred symptoms may 
help differentiate somatic pain from that caused by 
nerve root compression. Radicular symptoms have a 
lancinating or shooting quality, are often clearly 
defined and associated with other neurological 
symptoms such as paraesthesia and numbness. Con- 
versely, pain referred from other spinal structures is 
more likely to be perceived as a dull, poorly 


Table 24.1 Summary of the subjective examination for 
the lumbar spine 


1 . Area of symptoms - record on body chart 

For each pain area determine: 

(0 Constant or intermittent (variable if constant") 

(ii) Nature of the pain(s), e g dull, sharp 

(iii) Location, e g. deep or superficial 

Record: 

(iv) areas of paraesthesia 

(v) areas of anaesthesia 

Check: 

(vi) other areas which are relevant to the lumbar spine 

(vii) temporal relationships between the symptomatic 
areas 

2. Behaviour of the symptoms 

(i) Aggravating factors or activities - time for pain to 
develop/increase and prevent continuation 

(ii) Easing factors - how long for the symptoms to settle. 
Effect of rest, especially lying and in which position 

(iii) Behaviour of symptoms over the course of the day 

(iv) Behaviour of symptoms ai night - effect on sleep - 
difficulty getting to sleep, waking with pain, need to 
get up during the night, type of bed 

(v) Symptom behaviour in the morning - presence of 
pain and stiffness, time to ease 

(vi) Effects of sustained flexion activities or postures, 
effect of sitting, difficulty' rising from sitting 

(vii) Effect of coughing or sneezing on the back and/or 
leg pain 

3. Special questions 

(i) General health - recent or on-going medical 
problems, recent surgery, recent unexplained 
weight loss, increased weight, normal recreational 
activities, exercise, work activities 

(ii) Medications for this and other conditions, present or 
previous steroid or anticoagulant medications 

(iii) Recent radiological examination, e.g. plain 
radiographs, CT, MR] 

(iv) Disturbance of bowel or bladder function or saddle’ 
anaesthesia (suggestive of cauda equina 
compression) 

4. History 

(i) Current history - when did the symptoms 
develop, sudden/gradual onset, trauma 
(direct/indirect), progression of symptoms (better 
or worse), any treatment for this episode and effect 

(ii) Past history - previous episodes of back pain, 
similarities/differences with current episode, time to 
ease, any treatment and effect 


localized ache and not associated with other neuro- 
logical symptoms. It should be remembered that 
some patients may present with pain which is both 
radicular and somatic in origin. The location of any 
leg pain wiJJ guide the clinician as to which periph- 
eral joints should be screened as part of the physical 
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examination. The frequency and intensity of the 
pain should be assessed either descriptively or with 
the assistance of a visual analogue scale (Price et al . , 
1983). 

Symptom behaviour 

An important function of the subjective examination 
is to assess the severity and irritability of the 
symptoms, and to determine the effect of functional 
activities. This information is essential in planning the 
physical examination and treatment, and to assist in 
evaluating the results of subsequent treatment. This 
can only be achieved by determining the behaviour 
of the symptoms over time, and in relation to posture 
and activity (Grieve, 1991) The associated behaviour 
of any referred pain, paraesthesia or numbness 
should also be determined. A suggested framework to 
assist in evaluating the behaviour of the symptoms is 
described in Figure 24.1. 

Constant pain is usually inflammatory or chemical 
in origin and is most commonly associated with a 
recent injurious event, trauma or more serious 
pathologies such as inflammatory arthritis, tuberculo- 
sis or neoplasm. Pain at night which causes persistent 
sleep disturbance and necessitates getting out of bed 
is suggestive of this type of non-mechanical pathol- 
ogy. With the exception of some acute mechanical 
disorders, individuals with these symptoms are often 
unsuitable for mechanical therapy. The patients who 
are more suited to mechanical therapy are those who 
have pain which is mechanical in origin. With the 
exception of the less common hypermobility condi- 
tions, e g spondylolisthesis, most patients have pain 
which is associated with hypomobility or movement 
limitation. Morning stiffness is a characteristic feature 
of joint hypomobility. The behaviour of the symptoms 
helps to differentiate between chemical and mechan- 
ical pain and guides the clinician as to the irritability 
of the symptoms, and how easy or difficult it might 
be to reproduce the patient's symptoms during the 


Pain 



Figure 24.1 A framework for the evaluation of pain and 
other sensory symptoms in relation to time and activity. 


physical examination. The behaviour of the symp- 
toms in relation to activity or posture may also reflect 
the site and nature of the pathology. This concept is 
developed by Jull (1986). Finally, where possible, 
subjective criteria should be determined which can 
be used to assess improvement (or deterioration) of 
the symptoms over time. These are termed subjective 
reassessment criteria. 


History and progression of the 
symptoms 

The purpose of this part of the subjective examina- 
tion is to determine the duration and progression of 
the symptoms. This helps to differentiate pain which 
has developed acutely from that which has a more 
progressive onset. In the latter case it is important to 
determine whether there were any factors which may 
have contributed to the development of the problem, 
e g. past trauma, change of occupation, different 
recreational activities. In some cases of gradual onset 
pain, the patient may not be able to account for the 
development of the symptoms which may have been 
present to some extent (often episodic) for a number 
of years. This is usually indicative of what McKenzie 
(1981) describes as adaptive shortening’ of peri- 
articular soft tissue structures and may be associated 
with mild degenerative changes in the symptomatic 
joints. The patient should be asked to assess whether 
the symptoms are getting worse, are stable or 
improving. 

The patient should also be asked about previous 
episodes of low back pain or pain in other regions of 
the spine. Comparisons with the present symptoms 
should be sought particularly in terms of onset, 
location and severity. The time for recovery from 
previous episodes should be determined as this may 
be becoming longer with each episode. It is also 
important to determine the nature, duration and 
results of previous treatment for this and other 
episodes of low back pain. 


Other information 

The final section of the subjective examination is 
what Maitland (1986) refers to as ‘special questions’. 
The purpose is to find out additional information 
about the patient’s condition and its management and 
to screen the patient for specific factors which may 
be indicative of serious pathology. These questions 
are listed in Table 24.1 but this important part of the 
examination is worthy of some additional comment. 
Although clinical trials have found that radiological 
findings are poorly correlated with the patient’s 
symptoms (Torgerson and Dotter, 1976), the value of 
plain X-rays and other imaging methods, e g. CT and 
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MRI, should not be understated. These techniques 
provide valuable information about the general condi- 
tion of, and spacial relationships between, the 
skeletal structures in the lumbar spine. This allows a 
direct assessment of spinal curvature and an evalu- 
ation of possible changes in load transfer through the 
intervertebral and zygapophysial joints. When avail- 
able, the radiological images should be viewed by the 
clinician and the radiologist’s report obtained. 

In addition to determining what medication the 
patient is taking for this condition, a knowledge of 
other medications helps to establish a picture of the 
long and short-term general health of the patient. 
Steroid and anticoagulant therapies are of particular 
importance due to their regulatory effects on bone 
density (and consequently strength), and blood clot- 
ting mechanisms, respectively. Poor recent general 
health together with poor appetite, unexplained 
weight loss and severe night pain is indicative of 
serious pathology, such as metastatic disease. A 
personal or family history of rheumatoid arthritis 
should also be determined. 

It is important to establish whether there is any 
possible pathological involvement of the spinal cord 
or cauda equina. This includes abnormal bowel or 
bladder function, altered or loss of sensation in the 
perineal region, gait or balance disturbances and 
abnormal sensation in the plantar aspect of the feet. 
In the presence of bladder retention, the clinician is 
obligated to transfer the patient to emergency medi- 
cal care. In the presence of other symptoms sugges- 
tive of spinal cord or cauda equina involvement, the 
clinician must communicate with the referring medi- 
cal practitioner or refer the patient for medical 
examination. 


Planning the physical examination 

Before commencing the physical examination, some 
time should be taken to consider how much assess- 
ment the patient can tolerate and what structures 
should be examined. Some factors which will influ- 
ence these decisions are described in Table 24.2. 

Having considered these factors, the therapist must 
then plan which structures need to be examined at 
the first visit. These can be divided into those which 
require a detailed examination and those which 
require only active movement screening. Maitland 
(1986) uses the following criteria to help with these 
decisions: 

i) Joints which lie under the painful area. 

ii) Joints which refer pain into the painful area. 

iii) Muscles which lie under the painful area. 

In some cases, this may involve a lengthy examination 
and this must be offset against some of the factors 
outlined above. In other words, while there is an ideal 


Table 24.2 Factors to consider when planning the 
physical examination of the lumbar spine 


1. The severity and irritability of the symptoms 

2. Is the pain likely to be easy or difficult to reproduce? 

3. The age and general condition of the patient 

4. Radiological findings 

5. The need for modified patient positions during the 
examination due to pain or other factors, e g. the 
patient may not be able to lie prone 

6. Are there factors which suggest caution is required? 

7. Is a neurological examination required? 

8. Are there features which suggest lumbar 
inslability/hypermobility may be present? 


physical examination format, the examination 
formed must be modified in accordance with the 
patient’s presentation. 

Physical examination 

The primary purpose of the physical examination is 
to determine which spinal segments or other struc- 
tures are producing the pain, and to find active 
movements which can be used for reassessment. To 
achieve this requires elements of observation, move- 
ment testing and joint palpation. The format for 
examination of the lumbar spine is set out in Table 
24.3 and is followed by further description and 
comment on these procedures. Examination of the 
sacroiliac joints may be required as part of the 
examination but for convenience this will be con- 
sidered separately. Pain which is perceived in the 
region of the sacroiliac joints may be coming from 


Table 24.3 Summary of the physu al examination 
procedures for the lumbar spine 


1 Observation 

2 Active movements 

• flexion 

• Extension 

• Lateral flexion (L) and (R) 

• Side gliding (L) and (R) (McKenzie, 1981) 

• Other joints as necessary, e.g. hip. knee 

3. Palpation 

4. Passive movement tests 

• Physiological passive movements 

• Passive accessory intervertebral movements 

• Passive physiological intervertebral movements 

5. Neurological tests 
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these structures, but the sacroiliac region is also a 
common site of referred pain from the lumbar spine 
(Bogduk andTwomey, 1991). In general, it is best to 
exclude the lumbar spine as a source of the symp- 
toms before testing the sacroiliac joints (Grieve, 
1991). 


Observation 

General willingness to move'. 

• Getting out of a chair 

• Gait 

• Undressing 

From behind'. 

• Leg length 

• Iliac crest levels 

• Posterior superior iliac spine (PSIS) levels 

• Alignment of the spine in the frontal plane, e g 
scoliosis, lateral shift 

From the side : 

• Thoracic kyphosis 

• Lumbar lordosis 

• Pelvic tilt 

• Hip and knee position, e g. hip flexion, knee 
hyperextension 

When assessing spinal posture it is important to 
remember that significant 

(Pearsall and Reid, 1992). Furthermore, postural 
asymmetry and mild scoliosis are relatively common in 
a normal, unselected population and normal' sagittal 
plane curvatures span a wide range (Stagnara et al., 
1982; Singer etal., 1990). Hansson et al. (1985) found 
no difference in the magnitude of the lumbar lordosis 
in patients with back pain compared to asymptomatic 
subjects. Consequently, not all apparent postural 
abnormalities' may be related to the condition for 
which the patient is seeking treatment. 


Active movements 

Possibly the most important part of the examination 
is that of active movement testing as it allows for an 
assessment of the range and quality of movement in 
relation to pain. The most important objective is to 
determine specific movements or combinations of 
movement which reproduce or, in the case of rest 
pain, increase the symptoms. This allows for an 
objective reassessment of the patient's condition over 
time. 

Numerous methods have been advocated of meas- 
uring spinal mobility (Twomey and Taylor, 1979; 
Mayer et al., 1984). Most however, have been 
developed and used for research purposes and are 
too impractical or time consuming for routine clinical 
use. Simple objective measurement of spinal move- 
ment remains an unsolved problem in clinical prac- 
tice. However, two common approaches are to 
estimate the range as a proportion of the expected 
normal’ range for that individual, and to use anatom- 
ical landmarks as a reference. 

A checklist of points to note in association with 
active movement testing comprises: 

• Pain before movement 

• Point at which pain is first noted or increases 

• Point of movement limitation, i.e. range 

• What limits the movement, e g. pain, stiffness 

• Quality of the movement, i.e. speed, rhythm, 
deviation from normal movement plane, obvious 
segmental restrictions 

• Pain associated with the return movement to the 
starting position. 

In some cases, the patient's pain may not be 
reproduced by simple active movements in the 
anatomical planes. A suggested sequence of strategies 
to assist in reproducing the patient's symptoms is set 
out in Figure 24.2. Movement testing can be exten- 
ded to combine movements in different sequences in 
order to evaluate multidirectional movement patterns 
in relation to the patient’s symptoms (Edwards, 


Active Movements 

♦ 

Pain 

Yes No 

+ I 

Which movements? Overpressure 

- Record range 

- Point of pain onset | 

Does pain limit range? Pain 

I 

Which Movements? 


No pain 

I 

Confined Movements^ 

Pain 

J 

Which combination? 

- Primary 

- Secondary 

Range compared to other side? 


No pain 

I 

Iry 

- Repeated movts. 
Quick movts. 

- Sustained position! 


Figure 24.2 A sequence of strategies which can be employed during the physical 
examination to reproduce the patient's symptoms. (See Edwards (1992)). 
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1992). Repetition of active movements may be 
required to reproduce the symptoms in less irritable 
cases (McKenzie, 1981). At least one active move- 
ment or combined movement is required which can 
be used for reassessment during and between treat- 
ment sessions. 

Passive movements 

The assessment of physiological passive movements in 
the sagittal plane is advocated by McKenzie (1981). 
The obvious advantage of this is that it allows for an 
assessment of pain and range of movement. McKenzie 
(1981) also suggests that flexion in lying may help 
differentiate between intervertebral joint restriction 
and abnormal tension in the hamstring muscles or 
neural tissues as the cause of pain or limitation of 
flexion in standing. Passive lateral flexion and rotation 
may also be assessed but in general it is not essential 
to incorporate gross passive movements of the lumbar 
spine as part of the physical examination. 

Palpation 

Prior to testing intervertebral joint mobility, a brief 
assessment of the skin quality and temperature 
should be performed using the dorsal surface of the 
hand. Gentle palpation of the paravertebral muscu- 
lature to detect any increase in resting tension or 
spasm should also be performed. The spinous pro- 
cesses should be palpated for abnormal tenderness, 
and prominence. Palpation of the supraspinous liga- 
ment may reveal areas of undue tenderness or 
thickening. The palpation findings must be assessed 
in relation to the symptoms reported and movement 
signs previously'observed (Grieve, 1991). 

Passive accessory intervertebral movement 

These tests seek to determine the segmental range of 
accessory intervertebral movement in relation to pain 
and spasm or other resistance. As with peripheral 
joint testing it also allows for an assessment of the 
end-feel' of the movement (Kaltenborn, 1980). 
Postero-anterior (P/A) pressures are applied to each 
vertebral segment, both centrally over the spinous 
process, then unilaterally over the articular pillar’. 
Pressures are also applied transversely against the 
spinous processes. These procedures have been 
described in detail in other texts (Maitland, 1986; 
Grieve, 1991). The purpose is to determine the 
movement (displacement) of the joint and associated 
pain, relative to the magnitude of the applied 
pressure (force). Since stiffness is defined by the 
force/displacement relationship (White and Panjabi, 
1990), the therapist is obtaining a tactile impression 
of joint stiffness in relation to pain. This mental 
picture of the force/displacement relationship can be 
expressed as a movement diagram (Maitland, 1986) 


or joint picture (Grieve, 1991). In the clinical 
situation where multiple joints may be assessed in 
different directions, the use of movement diagrams 
can be time-consuming and cumbersome. The 
method of recording accessory intervertebral move- 
ment findings described by Grieve (1991) is more 
practical for routine clinical practice. 

These tests appear relatively simple to perform, 
however, useful information will only be derived if 
the following points are kept in mind. Most impor- 
tantly, maximizing the comfort of the application of 
pressure will maximize the quality 
the information obtained. 

(i) Passive movement tests are subjective in their 
interpretation and there are no normal values for 
joint stiffness. The therapist must compare the 
perceived stiffness in the symptomatic joint with 
that at other levels, or in relation to his or her 
memory of a normal joint. This may be difficult, 
especially for the inexperienced therapist, as 
studies have shown that the subjective impres- 
sion of the response to joint pressure is unreli- 
able (Matayas and Bach, 1986; Maher and Adams, 
1994). However, Keating et al (1993) have 
shown that the ability to quantify an applied 
force can be improved with training. Further- 
more, in normal subjects, P/A stiffness of the 
lumbar spine varies significantly between seg- 
ments (Lee and Liversidge, 1994). Consequently, 
both pain and movement are important cues for 
spinal joint dysfunction (Maher and Latimer, 
1992). 

(ii) Hand placement should be purposeful and 
applied 

ture to which pressure is being applied. Pressure 
can be applied with the thumb but, in the 
lumbar spine, increased comfort may result for 
the patient and therapist if pressure is applied via 
the medial border of the hand with contact 
pressure immediately distal to the pisiform. For 
increased comfort with unilateral P/A pressure, 
the paravertebral musculature should be pushed 
laterally so that the bulk of this muscle is not 
being squashed against the underlying articular 
‘pillar’. 

(iii) Grieve (1991) suggests that the orientation of the 
facet joint planes is not an important considera- 
tion when applying accessory movement tests (or 
treatments). However, as is the case with periph- 
eral joints, it seems appropriate to consider the 
morphology and orientation of the joint being 
examined. The reciprocal angulation of vertebral 
segments (Stagnara et al . , 1982) suggests that P/A 
pressures should be directed cranially in the 
upper lumbar spine (LI -L3) and caudally in the 
lower segments (L4 and L5). This is consistent 
with the results of Lee (1989), who found that a 
pressure applied perpendicular to the spinal 
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curvature minimized the axial displacement and 
rotation moment associated with the anterior 
translation of the vertebral segment. 

(iv) Pressures should initially be applied very gently 
with two or three oscillations per segment. This 
allows the patient time to report any discomfort 
experienced and avoids undue aggravation of the 
symptoms. Single, sustained pressures do not 
allow for this and reduce the appreciation of 
movement Furthermore, the speed of applica- 
tion and the presence of increased muscle activa- 
tion may increase the perceived stiffness of the 
joint (Lee and Svensson, 1993; Lee etal., 1993). 

Passive physiological Intervertebral movement 

Following the assessment of accessory joint move- 
ment, these tests are applied to joints which have 
been found to be restricted and painful Joints 
adjacent to the symptomatic joints should also be 
examined to allow for a comparison with a relatively 
‘normal’ joint. As with accessory movement tests, the 
joint is moved slowly through its range to assess the 
available range and end-feel’. This information may 
also be used to reassess changes in the range of 
movement in response to treatment. However, these 
are possibly the most difficult movements to obtain a 
'feel' for and considerable practice is required to gain 
confidence in their use. Detailed descriptions of the 
testing procedures for the lumbar joints are described 
by Maitland (1986). For recording purposes, segmen- 
tal motion may be graded using an ordinal scale such 
as that proposed by Grieve (1991): 

0 = ankylosed 

1 = trace 

2 = reduced 

3 = normal 

4 = hypermobile 


Examination of the sacroiliac joint 

Examination of the sacroiliac joint is required when 
this joint is implicated by the patient's description of 
the nature and behaviour of the symptoms, and 
where examination of the lumbar spine does not 
reveal movement dysfunction which correlates with 
the presenting symptoms. Specific tests include: 

Positional tests (Woerman, 1989) 

(i) Leg length assessment (supine) to establish the 
presence of fixed innominate rotation. 

(ii) Leg length assessment in long sitting to confirm 
innominate rotation. 

Changes in the relative leg lengths in these two 
positions suggest a fixed innominate rotation. For 


example, a posterior rotated innominate will result in 
apparent leg shortening on the affected side. In long 
sitting, the leg length will appear to increase on the 
affected side while the leg on the non-fixated side 
will remain in the same position. 

Active movement tests 

(i) Relative movement of the two PSISs during 
flexion. Earlier movement will occur on the 
restricted side. 

(ii) Relative movement of the sacrum (S2 tubercle) 
and the PSIS during flexion (in standing or 
sitting). The sacrum should move slightly earlier 
than the PSIS. Simultaneous movement is indica- 
tive of fixation or hypomobility of the joint being 
tested. 

(iii) Active hip flexion with bony palpation as above. 
The PSIS should move before the sacrum in a 
normally mobile joint. 

Passive movement (or stress) tests 

(i) Anterior rotation of the innominate on the 
sacrum with joint line palpation. 

(ii) Posterior rotation of the innominate on the 
sacrum with joint line palpation. 

(iii) Sacroiliac joint compression. 

(iv) Sacroiliac distraction. 

These tests can only be considered positive if they 
elicit a painful response. 

Palpation 

This is used to confirm the sacroiliac joint as a primary 
source of pain. Palpation should include the inteross- 
eous ligament in the posterior aspect of the joint, the 
joint line immediately below the PSIS, the sacro- 
tuberous ligament and the sacrospinous Ligament. 

Neurological tests 

Neurological testing consists of three phases: (i) 
muscle power, (ii) reflex testing and (iii) skin 
sensation. Also included in this section are tests of 
neuromeningeal movement or what Maitland (1986) 
has called movement of pain sensitive structures in 
the vertebral canal and intervertebral foramen’. Spe- 
cific indications for neurological testing include 
subjective reports of altered sensation, paraesthesia, 
muscle weakness and severe, well-defined radiating 
pain. 

Muscle power 

These are tests of the power and endurance of 
muscles innervated predominantly by specific spinal 
nerve trunks. With the exception of the toe-raise test 
for the SI nerve root, these tests should be performed 
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isometrically with the associated joint positioned so 
that the muscle is working in mid-range. Where pain 
is produced by the resisted contraction it may be 
indicative of a lesion within the muscle and help 
differentiate contractile from non-contractile struc- 
tures as the cause of the pain (Cyriax, 1993)- The 
patient is asked for a maximal effort which should be 
sustained for at least 5 seconds. The following tests 
should be performed: 

hi standing: 

Toe raise (S1-S2) 

In supine. 

Iliopsoas (L2) 

Quadriceps (13/4) 

Tibialis anterior (L4) 

Extensor hallucies longus (L5) 

In prone 

Gluteus maximus/medius (SI) 

Hamstrings (S2) 

Reflexes 

Reflex testing is performed easily with the patient 
positioned comfortably in side lying. The reflexes are 
tested with reference to their presence and briskness, 
and comparison is made between the two limbs. Each 
reflex should be tested 5-6 times consecutively. 
Diminution of the response with repeated tests is 
suggestive of early nerve root compression and 
consequent impairment of innervation. Total loss of 
the reflex indicates a significant nerve root compres- 
sion, while bilateral reflex loss may be indicative of a 
central disc protrusion. It is important to consider 
that the response to reflex testing may vary con- 
siderably between individuals. The inability to elicit a 
particular reflex does not necessarily indicate neuro- 
logical pathology. The reflexes routinely tested in the 
lower limb are: 

• Adductor magnus (L2,3,4) 

• Patella tendon (L3-L4) 

• Gluteus minimus/tensor fascia latae (L4-L5) 

• Semitendionosis (15, SI) 

• Achilles tendon (SI) 

• Plantar cutaneous reflex (S2) 

In addition, screening tests for spinal cord or cauda 
equina involvement should be performed. These are: 

(i) Babinski reflex. 

(ii) Test for ankle clonus. 

Sensation 

Pain which is due to nerve root compression may 
be associated with altered cutaneous sensation in 


the associated dermatome. Where symptoms of 
paraesthesia or numbness are present, sensory 
testing is indicated to map the affected area. While 
there may be some overlap of dermatomes and 
variation between individuals, the area of altered 
sensation may be a guide in identifying the sympto- 
matic vertebral segment. While somatic and 
radicular pain may coexist (Bogduk and Twomey, 
1991), altered sensation will only occur in the 
presence of nerve root compression. Light touch 
and sharp/blunt sensation should be tested to differ- 
entiate large and small fibre involvement. Circum- 
ferential tests are applied around the thigh, knee 
and lower leg, followed by a careful examination of 
the foot. 


Tests of neuromeningeal movement 

When pain is referred into the buttock or leg, these 
tests are used to determine the relative mobility of 
neural tissues in the vertebral canal, the inter- 
vertebral foramen and along their peripheral path- 
way. They include: 

(i) Straight leg raise. 

(ii) Prone knee flexion. 

(iii) Passive neck flexion. 

Detailed methods for testing neuromeningeal move- 
ment are described by Butler (1991). 


Integration and analysis of 
examination findings 

Having completed the physical examination it is 
important to summarize the principal findings. It is 
not always possible nor necessary to know which 
spinal structures are responsible for producing the 
patient’s symptoms. While there may be many causes 
of low back pain, treatments which are prescribed 
according to aetiological factors or clinical diagnosis 
are likely to help only a small percentage of patients 
in any given group. Grieve (1988) summarizes some 
of the common clinical presentations of low back 
pain, categorized according to typical presentations 
and examination findings. Although this is not a 
scientific approach to disease classification or diag- 
nosis, it is now recognized that the prescription of 
treatment according to the presenting clinical fea- 
tures is the cornerstone for the successful application 
of mechanical therapy. The choice of treatment is 
based on the severity and irritability of the symptoms, 
the relationship between the range and pain of the 
active movements, and tests of physiological and 
accessory intervertebral movements. In planning 
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treatment and selecting mobilization techniques it is 

important to consider the following factors. 

1. The irritability of the symptoms - important in 
planning what type of technique and how much 
treatment should be attempted on the first treat- 
ment session. 

2. Comparable active movement signs - at least one 
active movement or combined movement should 
be selected in order to assess the response to 
treatment. 

3. The relationship between pain and movement 
with intervertebral movement testing. This is 
essential in order to select an appropriate tech- 
nique and grade of movement when applying 
spinal mobilization. 

4. The effect of patient position on the pain. The 
patient may not be able to tolerate certain positions 
which will influence the choice of treatment 
technique or require a modified technique. 

5 The presence of referred leg pain and neurological 
symptoms which should be monitored closely 
throughout the treatment session. 


Treatment 


Treatment technique 

Passive mobilization and manipulation 

The joint mobilization and manipulative techniques 
used in treating the lumbar spine are graded modifica- 
tions or combinations of the accessory and physio- 
logical intervertebral movement tests (Maitland, 
1986). Traction is included as a mobilization tech- 
nique. The mobilization and manipulative techniques 
referred to in this section are described in detail by 
McKenzie (1981), Maitland (1986) and Grieve (1991). 
Mobilization techniques can be categorized as local- 
ized or regional. Localized techniques are performed 
such that movement preferentially occurs at one 
intervertebral segment. Regional techniques are 
applied as a more generalized movement of two or 
more segments. The factors which guide technique 
selection are (i) the comparable active movement 
restrictions found on examination, (ii) the onset, rate 
of increase and severity of the associated pain, (iii) 
the irritability of the symptoms, and most importantly 
(rv), the relationship between range, pain and resist- 
ance of the symptomatic segment as determined from 
the passive intervertebral movement tests. In sum- 
mary, the choice of technique and grade of move- 
ment is determined by accurate assessment of the 
patient’s signs and symptoms before and after each 
repetition of a technique. Mobilization techniques 
(grades I-rV) are applied as even, rhythmical oscilla- 
tions at a rate of about two cycles per second. 


Mobilization with movement 

An innovative approach to the treatment of joint pain 
and restriction has been described by Mulligan 
(1989). These techniques combine the principles of 
accessory glides with active movement. In other 
words, these are patient-assisted mobilizations. The 
advantages of these techniques are (i) that the 
mobilization is applied with the joint in a weight- 
bearing position, (ii) the patient has control over how 
far into range the movement is performed, (iii) the 
technique is applied as a sustained stretch at the 
extreme of the available range and (iv) reassessment 
can be quickly performed without moving the patient 
on and off the treatment bed. These techniques are 
known as ‘SNAGS’ (sustained natural apophysial 
glides) and may be incorporated as part of a 
treatment regime either alone, or in conjunction with 
other techniques. However, as these are weight- 
bearing techniques they are generally not appropriate 
for use in acute pain conditions. 


Grades of movement 

Grades of movement describe how far into the 
available range the joint is moved. These are depicted 
for a normal and a restricted joint in Figure 24.3. In a 
joint which is not normally mobile, the movem 
grades are described in relation to the pathological 
limit. Each grade has position on the available range 
of movement and amplitude, which is a proportion of 
it (Grieve, 1991). The grade of movement chosen for 
treatment is determined by the factor limiting move- 
ment, and relationship between pain and resistance 
through range as determined from the tests of passive 
intervertebral movement. In general, where pain 
occurs early in range and is the factor-limiting 
movement, a low-grade technique is performed 
(grade I - II). Where pain occurs later in range and is 
secondary to resistance, grade 111 or IV techniques 
should be used to improve joint range. Consequently, 
the initial decision in selecting a grade of movement 


Onset of 



Figure 24.3 A diagrammatic representation of grades of 
joint movement in relation to the available range in a 
normal joint (A), and a joint with pathological movement 
restriction (B). 
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is whether pain or restriction is the primary factor 
being treated Muscle spasm which results from joint 
movement can be treated with movement up to the 
point at which the spasm is provoked. In other 
words, spasm is used as a guide to the depth of the 
technique. No attempt should ever be made to 
mobilize through muscle spasm. 

Manipulation 

Manipulative techniques (grade V) are applied as a 
localized, low amplitude, high velocity thrust at the 
end of the available range Indications for the use of 
grade V techniques are: 

l Minimal pain which is only apparent at end-range. 

2. Where mobilization has been progressed to grade 
TV but is no longer achieving improvement. 

3. Localized symptoms of sudden onset where the 
joint can be positioned at end-range without 
provoking muscle spasm. 

As these thrust techniques are not under the control 
of the patient some specific precautions (additional 
to the recognized contraindications) should be 
observed (Grieve, 1991) These include: 

1. Uypermobility of the involved segment. 

2. Joint irritability and the presence of protective 
spasm. 

3. Irritability or hypermobility in the segments adja- 
cent to the symptomatic joint which may be 
aggravated by positioning for manipulation. 

4. Inability of the patient to relax. 

Application of treatment techniques 

The importance of patient comfort in the application 
of spinal mobilization cannot be overemphasized. 
This includes the position of the patient on the treat- 
ment plinth and the manner in which the technique is 
applied. A patient position should be chosen which is 
comfortable and will allow maximal relaxation during 
treatment In some cases, it may be necessary or 
desirable to apply a treatment with the lumbar spine in 
a weight-bearing position such as sitting or standing 
(Mulligan, 1989). Accurate hand placement is impor- 
tant to ensure good contact with the required part of 
the vertebrae being moved. Where direct pressure 
techniques are employed, increased comfort may be 
achieved with modified pressure application (e g. the 
ulnar border of the hand rather than the thumb tips) 
Pressures should not be applied through the bulk of 
the paravertebral muscles which may be very tender 
These muscles should be pushed laterally when per- 
forming unilateral pressures to obtain a better contact 
with the articular'pillar’. Vertebral pressures should be 


applied through a relaxed hand with the pressure 
being produced by the therapist's body weight rather 
than the muscles of the arm or hand. Careful attention 
to comfort when performing spinal mobilization will 
make the technique more effective, as the patient is 
able to relax and the response of the patient's symp- 
toms to the technique is less confused with local 
discomfort associated with its application. Modified 
grades of movement can be used to good effect to 
improve patient comfort. Techniques performed at 
end-range to treat stiffness are generally more comfort- 
able when a large amplitude is used. A grade 111+ 
technique may not improve joint range as quickly as a 
grade IV but it may help overcome problems with 
treatment soreness. Finally, the orientation of the zyga- 
pophysial joints and the effect of this on joint move- 
ment should be considered when applying mobiliza- 
tion techniques. 

Treatment protocol 

Having identified at least one active movement for 
reassessment, the therapist decides on a mobilization 
technique, grade and duration of application. Once 
the patient is positioned they should be asked about 
their symptoms prior to initiating treatment. The 
mobilization technique is then applied at the chosen 
grade and the patient should be questioned regularly 
as to the effect on their symptoms. Local discomfort 
and symptom reproduction in the low back during 
treatment is acceptable, however, techniques which 
increase the referred symptoms should be discon- 
tinued. Having applied the technique for the chosen 
time, the patient is asked to stand up and is 
questioned about their pain prior to reassessment of 
the chosen active movements. Depending on the 
outcome, the following action may be taken. 

Reassessment movement 

Worse : 

1 Repeat technique at a reduced grade. 

2. Repeat technique for a shorter duration 

Reassess - if still worse change to a different 
technique. 

Unchanged : 

1. Increase technique grade. 

2. Increase duration of repetition. 

Belter. 

1. Continue with chosen technique until no further 
improvement is obtained. 

2. Increase grade of movement. 

3. Add a new technique according to the change in 
active movement signs. 
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Careful reassessment of active movements and appro- 
priate modification or change of technique, is the key 
to systematic application of joint mobilization. 

Treatment of acute pain 

One of the most challenging presentations for the 
clinician is that of acute low back pain. Acute pain is 
usually rapid in onset and can be attributed to a 
particular movement or activity. All movements are 
usually painful and the pain may not be relieved 
completely by rest. The patient may adopt postures 
which reduce pressure on the symptomatic joints. 
Trunk flexion, lateral deviation of the trunk on the 
pelvis and reluctance to weight-bearing through the 
leg on the painful side are typical presentations. The 
scope of physical examination which can be per- 
formed may be limited by the irritability of the 
symptoms. However, careful observation and a limited 
active movement examination may provide sufficient 
information on which to plan and initiate treatment. 
The treatment concepts of McKenzie (1981) are most 
useful in the initial stages of treatment of acute low 
back pain as they use active movements over which 
the patient has complete control. 

The following section outlines the initial treatment 
aims and associated treatment methods. Any move- 
ment or technique which increases pain laterally or 
distally into the leg(s) should be ceased and time 
allowed for the pain to ease. An increase in back pain 
is considered acceptable if it is associated with a 
reduction in the more distal symptoms (McKenzie, 
1981 ). 

1. Correct any lateral shift of the trunk 

Method: active, repeated side-glide in standing (SGIS) 
to the restricted side or where unable to correct with 
active movements, active-assisted or passive correc- 
tion should be attempted (McKenzie, 1981). Over 
vigorous lateral shift correction should be avoided as 
it may cause the patient to feel light-headed or 
faint. 

2. Obtain extension to neutral and work into 
the extension range as pain allows 

Method: having corrected the lateral shift, active 
extension in standing is encouraged while assisting 
the patient in maintaining the corrected posture. If 
the lateral shift has not been eliminated, attempts to 
extend the spine will fail and result in an exacerba- 
tion of the symptoms. It is often necessary to unload 
the spine to assist in restoring extension If the 
patient is able to lie prone they should progress to 
forearm support prone lying and then to half push- 
ups' into extension (McKenzie, 1981). If increased 
pain results from these movements the patient should 


rest then move the pelvis laterally, in the direction of 
the shift correction, and attempt the extension 
exercises again. Unilateral or central pressure over 
the symptomatic segments may help restore passive 
extension. It is important not to over-treat with 
extension in patients who have very acute pain. Full 
extension may not be restored on the initial visit and 
if it is, the patient should move very carefully into the 
upright position as an exacerbation of symptoms can 
result on initial weight-bearing. 

3 ■ Retain lateral shift correction and lumbar 
extension until the next treatment session 

Method: teach self-correction of lateral shift (McKen- 
zie, 1981) and continue this with short sessions of 
prone lying and passive extension (half push-ups). 
Explain the importance of these movements and the 
effect they should have on their symptoms. The 
patient should avoid sitting and activities which 
require lumbar flexion, as much as possible. Rest in 
lying will relieve pressure on deformed or inflamed 
tissues but short spells of standing and walking are 
also important. When resuming an upright posture 
after lying, self-correction of the lateral shift should 
be performed. 

Most importantly, lumbar flexion should be avoi- 
ded as this will increase intervertebral disc pressure 
due to the associated compressive loading and shear 
stress, and increase the tensile stress in the posterior 
ligaments. 

The patient can be reviewed daily during the acute 
episode to monitor the progress of symptoms and to 
ensure that the shift correction and lumbar extension 
are being maintained. The progression of treatment 
for resolving acute pain is considered in the next 
section. 

Joint mobilization for acute low back 
pain 

In some cases shift correction and restoration of 
extension may not be achieved using the active and 
assisted movement techniques described. Where 
local pain and spasm allow, mobilization can be used 
to help achieve these goals. Useful techniques at this 
stage are: 

To correct the lateral shift '. 

1. Lateral flexion away from the side of the lateral 
shift of the trunk combined with transverse 
vertebral pressure on the spinous process of the 
symptomatic level(s). This may be performed up 
to grade 111+ (see previous definitions) as pain 
allows. The transverse pressure should be angled 
slightly caudad to minimize zygapophysial joint 
compression. 
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2. Lumbar rotation (Maitland, 1986) with the patient 
lying on the side to which the trunk is shifted. 
Rotation may be attempted up to grade III+ as long 
as the low back or referred pain is not increased 
and the movement does not produce spasm. 
Following reassessment the technique may be 
progressed to grade V if improvement has been 
effected and the joint can be moved to end-range 
with minimal pain and no spasm. Sustained 
rotation in flexion (towards the side of pain and/or 
straight leg raise limitation) may also be useful 
(McKenzie, 1981). 

To restore extension: 

1. Where pain is central, or bilateral and symmetrica] 
- P/A central vertebral pressures (centrally 
through the spinous process or bilaterally over the 
articular pillars). 

2. Where pain is unilateral - P/A unilateral vertebral 
pressures. 

Resolving acute pain 

As the symptoms associated with acute low back 
pain settle, persisting discomfort may still be present 
when weight-bearing and moving, depending on the 
degree of residual restriction. The principal objective 
of treatment now is to restore full range of move- 
ment and normal function. In this regard, the sagittal 
plane movements, particularly flexion, are most 
important. However, in order to achieve normal 
sagittal movement, symmetrical frontal plane move- 
ment must also be restored. If this is not achieved, 
asymmetrical facet joint movement may result in a 
mechanical block (and pain) at some point during 
the movement (Cailliet, 1981). The progression of 
treatment is to: 

(i) obtain fuLI-range lateral flexion and side-glide to 
both sides; then 

(ii) improve extension in lying and in standing; 

(iii) gradually progress into flexion and improve the 
flexion range. 

Mobilization technique selection should be based on 
the direction of active movement restriction and the 
associated passive intervertebral movement test find- 
ings. Table 24.4 describes some guides for technique 
selection for some common clinical presentations of 
movement restriction. The grade of movement cho- 
sen must always be guided by the relationship 
between movement and pain in the active and 
intervertebral movement tests. Weight-bearing tech- 
niques should be used when pain occurs due to 
restriction at the limit of range. These techniques are 
often less useful when movement is limited by pain 
early in range. 


Table 24.4 Suggested mobilization techniques to restore 
specific movement restrictions in tire lumbar spine 


Lateral flexion or side-gliding 

Unilateral intervertebral movement restriction/pain 

(i) P/A unilateral vertebral pressure 

(ii) Lateral flexion localized with transverse vertebral 
pressure to the restricted segment 

(iii) Lateral flexion 'SNAG' (Mulligan 1989) with pressure 
over articular pillar or transverse pressure on spinous 
process 

Bilateral intervertebral movement restriction/pain 

(i) P/A central vertebral pressure 

(ii) Lateral flexion SNAGS' with pressure over the 
spinous process 

Extension 

Unilateral intervertebral movement restriction/pain 

(i) P/A unilateral vertebral pressure 

(ii) Rotation with the patient lying on the restricted side 

(iii) Extension SNAGS' (sitting or standing) with unilateral 
or transverse pressure 

Bilateral intervertebral movement restriction/pain 

(i) P/A central vertebral pressure 

(ii) Extension SNAG' with central pressure 

Flexion 

Unilateral intervertebral movement restriction/pain 

(i) Rotation with the restricted side up 

(ii) Rotation with the restricted side down 

(iii) P/A unilateral vertebral pressure 

(iv) Flexion SNAG’ with unilateral pressure 

Bilateral intervertebral movement restriction/pain 

(i) Rotation to both sides 

(ii) P/A central vertebral pressures 

(iii) Flexion SNAG' with central pressure 

(iv) Flexion in lying as a self-assisted (McKenzie, 1981) or 
therapist-assisted (Maitland, 1986) technique. 


Clinically, lumbar rotation is a technique which can 
be useful to improve mobility in all planes of 
movement. However, recent in vitro modelling 
studies suggest that axial torsion of the whole lumbar 
spine is coupled with upward translation and flexion 
rotation at all segments (Sh.irazi-Adl, 1994). Although 
approximation of the articular facets wilj permit only 
2-3 degrees of pure lumbar rotation, the associated 
flexion rotation provides a strong theoretical basis for 
the use of rotation mobilization to restore restricted 
lumbar flexion. 

These techniques may be progressed by modifying 
the patient position and consequently applying the 
technique with the joint positioned further into the 
available range. For example, the patient may be 
positioned in a degree of lateral flexion prior to 
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performing a lateral flexion or P/A unilateral vertebral 
pressure technique, to restore an end-range limitation 
of side-flexion. This concept is developed as the 
fundamental principle in the treatment of joint pain 
and restriction using combined movements 
(Edwards, 1992). The reader should refer to that text 
for details of the combined movement approach to 
spinal manual therapy. Manipulative techniques can 
be applied during the resolving phase and may 
increase the rate of movement restoration. The only 
limitation on manipulation is that the joint must be 
able to be positioned in the pre-manipulative position 
with minimal reproduction of the prevailing symp- 
toms. The frequency of treatment can be reduced for 
resolving conditions but the patient must be instruc- 
ted in appropriate exercises to help maintain and 
improve their mobility between treatments. The final 
objective is to restore full-range, pain-free movement 
in all directions. Where this has been met but there 
are persisting joint signs (either tenderness or 
restricted segmental motion) the treatment should be 
discontinued and the patient reviewed after a week 
or 10 days. 

Treatment of neural tissue restriction 
following acute back pain 

Restriction of neural tissue mobility such as a 
Limitation of straight-leg raise (SLR), may persist 
following an episode of acute pain. Conversely, such 
a restriction may develop progressively in the 
absence of acute pain, with altered lumbar movement 
patterns and leg symptoms. McKenzie (1981) 
describes this restriction, together with the asso- 
ciated problems of persisting leg pain and abnormal 
movement patterns, as being due to nerve root 
adherence. Maitland (1986) refers to this problem as 
restricted mobility' of pain sensitive structures in the 
intervertebral foramen, while Butler (1991) suggests 
that the movement restriction can occur anywhere 
along the neuromechanical interface. In the absence 
of associated intervertebral joint signs, the common 
clinical presentation is that of a painful restriction of 
SLR and deviation towards the painful/restricted side 
during flexion in standing. 

The treatment principles and techniques have 
been described in detail in the previously cited texts 
(McKenzie, 1981; Maitland, 1986; Butler, 1991). 


Spinal joint ‘dysfunction’ - gradual 
onset pain and stiffness 


Typically, the pain associated with this presentation is 
of gradual onset and not usually (but can be) 
associated with a specific event or trauma. The 


patient describes a dull ache which may be referred 
into the buttocks or legs. Often, there is increased 
stiffness on rising in the morning or after a period of 
sitting. The pain tends to increase during the day 
particularly if prolonged sitting or repeated or sus- 
tained flexion are required. Most importantly, the 
patient is often less aware of the pain when moving 
and the ache may be eased by gentle, non-weight- 
bearing exercises This presentation is typical of what 
McKenzie (1981) describes as joint 'dysfunction', 
where pain is produced by mechanical deformation 
of adaptively shortened’ soft tissue structures. 

On examination, movement is restricted in all 
directions but typically conforms to the capsular 
pattern described by Cyriax and Cyriax (1993), in 
which lateral flexion (or side-glide), and extension, 
are the earliest and more severely restricted move- 
ments. Pain is produced at the extremes of the range, 
relieved on returning to the upright position and does 
not get worse with repeated movements. Straight-leg 
raise is commonly limited bilaterally by hamstring 
muscle tightness. Intervertebral movement testing 
often reveals a more generalized restriction of acces- 
sory and physiological movement with increased 
resistance to movement and tenderness at end-range. 
The restrictions are often greater in the lower than 
the upper lumbar segments. 

The approach to treatment is to treat the movement 
restrictions with mobilization techniques which will 
stretch the shortened joint structures at the end of the 
available range Technique selection should follow the 
guidelines set out in the previous section (Table 24.4) 
with the objective of restoring symmetrical side- 
gliding and then increasing extension. Grade III+ 
techniques will help reduce treatment soreness 
initially but this can be progressed to grade IV once the 
response to treatment has been determined The 
duration of each repetition can be extended to 3 or 4 
minutes. Grade V techniques can be attempted but 
end-range tightness may be too great for the manipula- 
tion to be successful. 

Due to the insidious and often chronic nature of 
these problems, the patient must be given a clear 
explanation of the problem, the treatment and its 
objectives and the time frame for improvement and 
resolution. Since these problems may have developed 
over months or even years, the improvement is 
expected to be slow and gradual. Initially the patient 
may be treated two or three times over a week or 10 
days to monitor the response. The frequency of 
treatment may then be reduced to once or twice per 
week as long as the patient is provided with the 
appropriate mobility exercises to continue at home. 
The exercises should be performed into the restricted 
part of the range, to stretch the shortened soft tissues. 
Some local discomfort must be experienced during 
these exercises in order for them to be effective and 
they should be performed several times throughout 
the day. 
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One important consideration with the treatment of 
lumbar spine ‘dysfunction 1 is that of the effect of 
changes in skeletal structure and joint degeneration 
on intervertebral mechanics, particularly extension. 
This issue will be examined in the next section but 
the important point here is the effect of these 
changes on the range, and factors limiting movement. 
In some cases, extension may be limited more by 
approximation of the posterior skeletal structures 
rather than soft tissue tension (Cailliet, 1981). The 
resulting loads transferred through the laminae and 
articular surfaces of the zygapophysial joints may 
aggravate the patient’s condition even though the 
initial movement pattern is consistent with that of 
soft tissue adaptive shortening. A cautious approach 
to the treatment of extension dysfunction in indi- 
viduals with radiological evidence of degenerative 
changes in either the anterior or posterior column is 
recommended. 

Degenerative joint 
disease/spondylosis 


Many patients, of all ages, who present with low back 
pain may have radiological anomalies of some kind. 
These may be normal variations in structure such as 
an extra lumbar vertebra or the presence of Schmorl’s 
nodes. The radiographs may also reveal important 
clinical information such as changes in vertebral body 
shape, osteophyte development, zygapophysial joint 
degeneration and apparent change in height of the 
intervertebral disc spaces. Although these factors may 
not be directly related to the pain for which the 
patient is seeking treatment, it is important to be 
aware of their presence (Grieve, 1991). This is 
because degenerative changes affecting the inter- 
vertebral disc and zygapophysial joints may limit the 
quality and range of movement in these segments. 

Moderate or severe degenerative changes in the 
elderly are a common and important consideration 
irrespective of their relationship to the patient's 
symptoms. The physical examination should be mod- 
ified to account for these factors, although the 
general scheme is consistent with that previously 
described. Abnormal spinal alignment in the frontal 
plane may not be due to a mobile lateral shift, but to 
a structural deformity resulting from changes in 
vertebral body and intervertebral disc shape The 
sagittal plane curvatures may be exaggerated or 
reduced, and relatively fixed (Singer et al., 1 994), due 
to their dependence on vertebral body shape, and the 
greater stiffness of the intervertebral disc (Bogduk 
andTwomey, 1991). When testing active movements, 
overpressure should not be applied at end-range and 
extra care is required when using combined move- 
ment tests. A loss of hip or lumbar spine extension 
may make prone lying uncomfortable such that 


accessory intervertebral movement tests may need to 
be performed in sitting or side-lying. Relatively less 
passive physiological intervertebral movement can be 
expected compared to younger individuals due to a 
combination of structural changes and increased 
stiffness in the structures which limit joint move- 
ment. 

Some patients with degenerative joint disease may 
never have needed to seek treatment for back pain 
yet present having been told they have ‘arthritis’ and 
there is no cure. However, In many cases the pain is 
due to restricted joint movement and can therefore 
respond well to appropriate and carefully applied 
manual therapy. However, extra care should be taken 
to exclude serious pathology such as compression 
fracture, ankylosing spondylitis or neoplasm as the 
cause of the symptoms. The treatment approach is 
guided by the history of the symptoms and the 
examination findings. One of the following presenta- 
tions will often emerge: 

(i) Acute onset pain and restriction with localized, 
more specific joint signs superimposed on a 
more generalized movement restriction. 

(ii) Gradual onset pain and stiffness with generalized 
joint restriction. 

Acute pain in older patients with degenerative 
joints requires a different approach to that pre- 
viously described. Severe nerve root pain referred 
to the leg is more likely to be due to osteophytic 
irritation than to disc protrusion, and is recognized 
as the most common cause of sciatica in mature 
patients (Grieve, 1988). The lateral shift/extension 
principle is generally not appropriate due to the 
structural limitation of extension. In the acute 
stage, rest is most important to relieve the sympto- 
matic joints of the compressive loads of weight- 
bearing. Mobilization techniques which relieve 
pressure across the symptomatic joints are the first 
choice for treatment. 

Techniques such as rotation and lateral flexion 
away from the side of pain are often more useful than 
vertebral pressures. In the absence of specific, 
localized joint signs, regional techniques are useful, 
particularly when primarily treating pain. Where 
vertebral pressure techniques are used they may be 
more effective with the patient positioned in side- 
lying rather than prone. The movement should be 
performed only to the point where pain is first felt 
and spasm should be avoided. These techniques can 
be progressed up to grade 111+ as the symptoms settle 
but strong techniques at end-range (grade fV and V) 
should be avoided in patients with moderate or 
severe degenerative changes. When the acute symp- 
toms have settled, lumbar SNAGS’ are helpful to 
restore movement. The advantage is that the patient is 
in a functional, weight-bearing position and is in 
control of the movement. This approach is partic- 
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ularly useful for restoring lateral flexion and flexion. 
The restoration of end-range extension is not an 
important or immediate goal and P/A vertebral 
pressures at end-range and passive extension exer- 
cises should be applied with extreme caution. 

An alternative approach to treatment of low back 
pain associated with joint degeneration is that of 
lumbar traction. The possible physiological effects of 
traction and the literature reporting its therapeutic 
value have been summarized by Grieve (1991). The 
most obvious advantage in patients with degenerative 
changes in the lumbar spine is that it reverses the 
compressive loads on the intervertebral disc and 
zygapophysial joints. Mechanical traction has the 
advantage of being able to apply a controlled, 
sustained (static) force for a fixed period or inter- 
mittent periods of traction and rest. For acute pain 
conditions, static traction is recommended as move- 
ment of the irritable joint structures is minimized. For 
non-acute conditions where less specific pain is 
associated with general movement restriction, inter- 
mittent traction is preferred. The oscillatory nature of 
intermittent traction may improve joint nutrition, and 
relieve pain due to increased activation of afferent 
joint mechanoreceptors. Lumbar traction is usually 
applied with the lordosis eliminated and with the 
patient positioned either supine or prone. 

Maitland (1986) recommends the following proto- 
col when using mechanical traction. 

(i) Use 13 kg as the initial traction force (however, 
this is somewhat dependent on the physique of 
the patient). 

(ii) Apply an initial force for 10 seconds then 
reassess the symptoms. 

(iii) If the symptoms are completely relieved the 
force is halved and treatment time reduced. If 
this is not done an exacerbation of the pain may 
result when the traction is released. 

(iv) If the symptoms are minimally relieved the force 
is increased slightly and treatment continued for 
10 minutes on the first occasion. 

(v) If the symptoms are worse, the force should be 
reduced until the symptoms return to the base- 
line level and the traction applied for 5 minutes. 

(vi) Following treatment the patient should rest fora 
minute or two before getting up slowly. 

(vii) Reassessment of symptoms and comparable 
movement signs. There may not be an immediate 
change in the active movements and flexion may 
be worse after treatment (Maitland, 1986). 

Traction is progressed according to the severity of 
pain and response to the previous treatment. Where 
symptoms are improved with static traction, the 
duration is increased until improvement plateaus, at 
which point the traction force is increased slowly. 
Traction should be progressed more slowly when 
treating acute conditions. Fifteen minutes is the 


recommended maximum treatment time. When using 
intermittent traction, initially a shorter traction time 
is used with a similar rest time. Treatment is 
progressed as for static traction but with increasing 
hold and decreasing rest times. The maximum treat- 
ment time can be increased up to 20-25 minutes in 
non-irritable conditions where stiffness is the pre- 
dominant problem. Changes in symptoms or move- 
ment signs due to the application of traction may be 
harder to assess than with other mobilization tech- 
niques. Maitland (1986) suggests that a trial of four 
treatments is necessary before a decision on its 
effectiveness can be made. 

The frequency of treatment is dependent on the 
severity and duration of the presenting symptoms. 
Patients with acute pain may require daily treatment 
initially to monitor the response to treatment and 
help settle the acute symptoms and movement 
restriction more rapidly. The treatment frequency for 
non-acute conditions is as described for patients with 
movement 'dysfunction'. 


Lumbar instability 


Lumbar instability is a controversial and challenging 
condition for all clinicians involved in the manage- 
ment of low back pain. In contrast to the clinical 
presentations previously described, the main feature 
in these patients is excessive intersegmental motion 
due to a deficiency in the passive, non-contractile 
tissues (Panjabi, 1992). Instability is present when 
there is an abnormal range of movement for which 
there is no protective muscular control (Maitland, 
1986) Hypermobility differs from instability in that 
muscular control is retained throughout the excessive 
range of movement (Norris, 1995a). Stoddard (1983) 
suggests that the aetiology of lumbar instability 
includes: 

(i) Severe strain or trauma associated with a hyper- 
flexion injury. 

(ii) Chronic, habitual ligamentous strain due to 
faulty or abnormal postures or structural anoma- 
lies, e g leg length difference- 

(iii) Joint degeneration involving the joints and liga- 
ments of the vertebral complex. 

In some cases the instability may be due to an 
identifiable structural abnormality such as a spondylo- 
listhesis. However, in others, no radiological abnor- 
mality may be visible and diagnosis can only be made 
on the basis of the history, clinical features and 
examination findings. Criteria which suggest lumbar 
instability are described by Grieve (1986). 

The physical examination format is as previously 
described but attention should be focused on the 
following areas: 


Copyrighted Material 



384 Clinical Anatomy and Management of Low Back Pain 


(i) Active movements: may be full and pain-free 
although extreme mobility may be a feature. On 
extension, the lumbar spine may hinge at one 
segment and movements may be performed 
slowly or cautiously. A momentary catch of pain 
may occur during the movement, usually flexion. 
A transient deviation from the path of movement 
may accompany the mid-range pain. In more 
severe cases, the spine may be held in lordosis 
during flexion and there is a tendency to push 
off the thighs when returning to neutral. 

(ii) Palpation findings may include: (a) local tender- 
ness between spinous processes in the affected 
segment, (b) increased resting tension and prom- 
inence of the lumbar paravertebral muscles 
adjacent to the affected segment, (c) a palpable 
‘step 1 between spinous processes, (d) a 'boggy' 
feel on accessory movement testing, (e) exces 
sive segmental intervertebral movement espe 
dally in flexion, and (f) increased antero-poste- 
rior shear at the affected segment. Hypomobility 
in segments adjacent to the hypermobile joint 
may be detected 

(iii) Although pain may be referred into the leg, 
neurological deficit is uncommon. Straight-leg 
raise may be limited by tight hamstrings rather 
than pain associated with nerve root tension. 

Treatment for lumbar instability 

Mobilization 

Mobilization may be applied in those patients with a 
normal end-feel to accessory movement. Techniques 
within range (grade II-1II) may be useful to relieve 
local joint discomfort. Mobilization of hypomobile 
joints can still be performed as long as the techniques 
are applied carefully and localized accurately to the 
affected joints. Mobilization is not appropriate in 
joints with a ‘boggy’, unphysiological movement and 
no palpable end-range (Grieve, 1986). 

Stabilization 

The logical approach to the treatment of hyper- 
mobility is stabilization, A lumbar support or corset 
may be useful to help relieve acute symptoms, but the 
long term aim is to provide dynamic stabilization by 
strengthening the regional and segmental trunk 
musculature (Grieve, 1986). This may help to com- 
pensate for the reduced support provided by the 
passive stabilizing structures. Dynamic stabilization 
of the lumbar spine is enhanced by contraction of the 
abdominal and erector spinae muscles due to their 
influence on intra-abdominal pressure and the thor- 
acolumbar fascia mechanism (Gracovetsky et al., 
1985; Tesh et al., 1987). According to Valencia and 
Munro (1985), the lumbar multifidus also has an 
important role in providing intersegmental stability'. 


Consequently, dynamic stabilization of the lumbar 
spine is best achieved with abdominal bracing and 
hollowing exercises together with isometric retrain- 
ing of the lumbar multifidus (Grieve, 1986; Richard- 
son et al., 1992). The abdominal exercises are initially 
taught in supine lying with the aid of pressure or EMG 
biofeedback and progressed into the more functional 
positions of sitting and standing. Jull and Richardson 
(1994) and Norris (1995b) provide a detailed descrip- 
tion of abdominal bracing exercises and their use in 
retraining lumbar spine stabilization. 


Treatment of the sacroiliac joint 


The involvement of the sacroiliac joint in patients 
presenting with low back pain can only be deter- 
mined by careful correlation of the symptoms with 
the previously described tests of sacroiliac position, 
movement and palpation. Sacroiliac joint symptoms 
may be acute, associated with a recent fall or twisting 
injury Chronic or gradual onset problems are often 
seen in younger individuals participating in sporting 
activities which require strong and repeated torsional 
stresses such as athletics and golf (Wells, 1986). It is 
important to consider the possibility of inflammatory 
conditions such as ankylosing spondylitis and sacro- 
iliitis, and when suspected, medical referral is neces- 
sary. During pregnancy and for a variable period post- 
partum, sacroiliac dysfunction may be due to 
hypermobility' in which case stabilization is advisable. 
This can be achieved with the use of an appropriately 
fitted belt support together with advice on inter- 
mittent bed rest in severe cases. Pelvic support may 
also assist in the management of other sacroiliac 
hypermobility problems. Pain relief in such cases may 
assist in confirming the diagnosis. 

In cases of hypomobility or positional innominate 
fixation, passive movement is the treatment of 
choice. The direction of passive movement is deter- 
mined by the physical examination findings. Hypo- 
mobility is treated with a direction and grade of 
movement which eases the pain. If an innominate is 
fixed in an anterior or posterior position, passive 
movement is performed in the opposite direction. 
The passive movement treatment techniques are 
modifications of the examination tests. Anterior or 
posterior innominate rotation is used to restore 
motion and relieve pain and the leg can be used as a 
lever when stronger force is required. For example, 
with the patient prone, the thigh can be used as a 
lever at the extreme of hip extension to rotate the 
innominate anteriorly. The opposite leg can be fixed 
with a belt to increase the force on the innominate. 
To rotate the innominate posteriorly, the thigh is used 
as a lever in full hip extension while the rotation is 
reinforced by pressure through the ischial tuberosity. 
Strong isometric contraction of the hip extensor 
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muscles can be used to correct anterior innominate 
rotation and this can be continued as a home exercise 
(DonTigny, 1993). 

In addition to manual therapy treatment, home 
exercises and back care are required to maintain and 
correct sacroiliac joint position and movement. 
Direct stretching or isometric exercises can be used 
to correct innominate position, while strengthening 
the abdominals, gluteus maximus and hamstring 
muscles wiLl improve dynamic support for the joints. 
Lumbar support in sitting will help maintain a correct 
sacroiliac position and correct standing posture is 
also important to prevent excessive anterior pelvic 
rotation. At night, support for the sacroiliac joint can 
be achieved by placing a pillow under the knees 
when supine, or between the knees in side-lying. 

Outcome measures in manual 
therapy 


Identifying and measuring appropriate outcome 
measures for manual therapy treatment is an increas- 
ingly important part of patient management and 
clinical practice. Outcome measures provide a means 
of assessing the effectiveness of treatment over time. 
This information can be used to support the continua- 
tion or cessation of treatment, and to provide 
consistent and reliable outcome data for clinical trials 
which examine the effectiveness of manual therapy 
Structural pathology in the low back is associated 
with movement impairment, functional limitation 
and consequently disability (Fitzgerald et al., 1994). 
Manual therapy intervention is directed towards 
changing the physical impairments and functional 
limitations that are related to the disability (Guccione, 
1991) The severity and frequency of pain is an 
obvious additional outcome measure and numerous 
pain and disability scales are available which measure 
the effect of pain on function (Millard, 1991). 
However, specific impairments such as active move- 
ment restriction and the ability to perform functional 
activities are outcomes which are most appropriate 
when treating musculoskeletal disabilities. 


Summary 


This chapter has outlined the physiotherapy 
approach to the assessment and management of low 
back pain. The key elements of this approach are a 
systematic examination of active and passive spinal 
mobility and the effect of these manoeuvres on the 
presenting symptoms. The objective is not specifi- 
cally to identify the pain producing structures, but to 
develop a treatment hypothesis based on the relation- 
ship between the functional limitation, and the signs 


and symptoms. The loss of function, which is usually 
manifested as abnormalities of movement, is treated 
with joint mobilization and/or muscle re-education as 
indicated from the examination findings. When treat- 
ing joint restriction, the mobilization techniques are 
graded according to the relationship between pain 
and movement. Guidelines for technique selection in 
common clinical presentations are provided to assist 
the inexperienced clinician. However, the underlying 
principle remains that the choice of treatment 
technique is based on the examination findings and 
the severity and irritability of the symptoms. 

The emphasis in this chapter has been on the use 
of manual therapy to treat low back pain, with an 
attempt to integrate the treatment concepts descri- 
bed by individuals working in this area of the 
profession. The limited scope of thJs chapter does not 
allow for a detailed description of their methods or 
for an integration of other complementary approa- 
ches to treatment. It is stressed that this chapter is a 
summary of the physiotherapy approach to the 
management of low back pain and it is strongly 
recommended that the reader refers to the clinical 
texts listed in the reference section. 
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Contraindications to spinal manipulation 

K.P. Singer 


Summary 

Reported complications following manipulation of the 
lumbar spine are few. In general, more forceful 
manipulative techniques, often incorporating rotation 
or hyper-extension, have been associated with prob- 
lems. The most frequently recorded injury is to the 
intervertebral disc, resulting in cauda equina com- 
promise. Careful assessment of the presenting signs 
and symptoms, and monitoring responses between 
treatments should prevent serious complications. 

Inadequate clinical examination, improper inter- 
pretation of imaging films, and lack of knowledge can 
lead to incorrect diagnosis and, therefore, to inap- 
propriate indications for spinal manipulation. Bilat- 
eral radiculopathies, with distal paralysis of the lower 
limbs, sensory loss in the sacral distribution, and 
sphincter paralysis should be regarded as a surgical 
emergency. 

In this chapter a clinical reasoning approach is 
provided to guide the practitioner in determining the 
appropriateness of mechanical therapy. 

Spinal manipulation therapy (SMT) is administered 
to millions of patients each year. Despite this, there has 
been little study of the full incidence of risks 
associated with such therapy. In their analysis of 138 
cases cited in the literature, Powell et al. (1993) 
suggested five main factors relating to complications 
of SMT. These included: misdiagnosis; failure to 
correctly identify the onset or progression of neuro- 
logical signs or symptoms, inappropriate technique; 
and SMT performed in the presence of a herniated 
nucleus pulposus or a coagulation disorder. Given the 
acceptance and use by practitioners of SMT, the risk of 
complication is placed by Haldeman and Rubinstein 
(1993) at one per many millions of manipulations. 


The order of frequency of lumbar spine complica- 
tions arising from SMT showed that: disc injury; 
diagnostic error; vascular accidents; excessive force; 
rib fracture; abdominal and inguinal hernia; and 
neoplasm were the major problems (Figure 25. 1). A 
full case description of reported cases is presented in 
the reviews by Gatterman (1981), Ladermann (1981), 
and Terrett and Kleynhans (1992). Further reviews 
and analysis of literature may be found in reports by 
Dvorak (1991) and Patijn (1991). 

The exact incidence and prevalence of complica- 
tions during manipulative therapy are unknown, in 
part due to a lack of standardized reporting systems, 
either within hospitals or coronial offices (C. Maher, 
personal communication, 1995), as not all problems 
reach the clinical literature. There are no known 
prospective studies which seek to record the true 
nature of complications from SMT. Such information 
is an important element in substantiating the risk/ 
benefit ratio (Shekelle et al . , 1992; Powell et al . , 1993; 
Ryan, 1993) 



Frequency (%) 

Figure 25.1 Frequency of reported complications arising 
from lumbar SMT (updated from Terrett and Kleynhans, 
1992). 
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For this reason, practitioners accept full responsi- 
bility for providing careful and appropriate mechan- 
ical therapy to their patients. It must be assumed that 
all practitioners of SMT have received carefully 
supervised training where the issue of contraindica- 
tions to mechanical therapy have been elaborated. 

Diagnostic procedures, such as clinical history, 
examination and imaging, are important in screening 
the patient and selecting the most appropriate 
therapy. A full description of the diagnostic assessment 
process is presented in Chapter 20. 

The indications and 
contraindications for manipulation 


The indication for SMT is a diagnosis of mechanical 
low back pain and may include the conditions listed 
inTable 25.1. With experience, the clinician is able to 

Table 25.1 Indications and contraindications for spinal 
tnanipulative therapy are dependent upon the patient's 
presenting signs and symptoms 


Indications for manipulative therapy 

• Zygapophysial and sacroiliac joint dysfunction 

• Paraspinal muscle syndromes 

• Joint dysfunction in lateral and central stenosis 

• Joint dysfunction in spondylolisthesis 

• Sacroiliac syndrome in post-operative low back pain 

Contraindications for tnanipulative therapy 
Relative 

• Osteopenia 

• Advanced arthopathies 

• Spinal anomalies 

• Patients on anticoagulant medication 

• Vascular disorders 

• Psychological overlay and undiagnosed pain 

• Pregnancy* 

Absolute ( often due to coexisting disease ) 

• Neoplastic lesions of the spine, ribs, and pelvis 

• Non-neoplastic bone disease (e g. osteomyelitis, 
tuberculosis, osteoporosis) 

• Inflammation (e g. rheumatoid arthritis, ankylosing 
spondylitis, septic arthritis) 

• Healing fracture or dislocation 

• Gross segmental instability and spinal anomalies 

• Cauda equina syndrome (spinal cord compromise signs 
in limbs) 

• Large abdominal aneurysm 

• Visceral referred pain 

• Obvious spinal deformity 

• Congenital generalized hypermobility 

• Joint irritability, spasm and pain; client unable to relax 


(Modified from Grieve (1981). Dvorak (1991) andTerrett and 
Kleynhans (1992.) 

* SMT should not be used if there is possibility of miscarriage. 
Techniques involving compression and rotation of the 
thoracolumbar spine are probably best avoided in the latter 
stages of pregnancy. 


differentiate between the those signs and symptoms 
which suggest caution and those which permit 
careful application of SMT techniques. 

Contraindications can be divided into two cate- 
gories: relative and absolute. Relative contraindica- 
tions may suggest a modification of the technique and 
must be considered on a case-by-case basis. In the 
presence of an absolute contraindication, however, 
no manipulative therapy should be administered. 

In the following section, the major contraindica- 
tions are discussed. 


Lumbar spine disc lesions 

The most frequently reported complication from SMT 
in the lumbar region is compression of the cauda 
equina by a large disc herniation of the lower lumbar 
intervertebral discs. These injuries often result from 
forceful rotatory SMT techniques with, or without, 
lumbar extension (Figure 25.2). The resultant syn- 
drome is characterized by paralysis, weakness, pain, 
reflex change, and a neurogenic bowel and bladder. 
Although there is a risk of precipitating a cauda 
equina compression syndrome using SMT, the general 
concensus is that an uncomplicated herniated disc 
lesion can be effectively treated conservatively with 
manipulative therapy (Haldeman and Rubinstein, 
1993). The risk of inducing cauda equina compromise 
is estimated by Shekelle et al. (1992) at between 10 
and 100 million to one. However, the practitioner is 
reminded that bilateral radiculopathies with distal 
paralysis of the lower limbs, sensory loss in the sacral 
distribution, and sphincter paralysis should be con- 
sidered a surgical emergency. In the acute stage, SMT, 
using high velocity thrust techniques, is almost 
always inappropriate, especially, if radicular symp- 
toms and signs indicating a nerve root compression 
are present. 

A surgical opinion should be recommended to the 
patient if progressive neurological deficit occurs and 
radiological imaging (MRI, CT, myelo-CT) confirm 
nerve root compression (Lehmann et al, 1991) (refer 
to Chapter 18). 



Figure 25.2 Rotation posture manipulation coupled with 
excessive force application has been implicated in lumbar 
disc complications. (Adapted from Kirkaldy-Willis and Cas- 
sidy, 1985 ) 
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Figure 25.3 Incidence by age and gender of serious lumbar 
spinal complications following SMT (updated from Terrett 
and Kleynhans (1992)). 

Of the 65 disc injuries reviewed by Terrett and 
Kleynhans (1992), manipulation under anaesthesia 
was implicated in almost half of those reported. This 
practice would appear to have declined in popularity 
since the early 1980s. 

The incidence of discal injury for males and 
females following manipulation is shown in Figure 
25.3. Greater susceptibility appears between 30 and 
50 years of age for both genders. 

Misdiagnosis of low back pain 

Misdiagnosis refers to the unidentified presence of 
disease processes which may mimic low back pain 
symptoms. As a result of misdiagnosis, complications 
arise through delays in initiating appropriate treat- 
ment via referral. In the extreme case, paraplegia may 
be induced. Primary and secondary tumours of the 
spinal column and neural structures are contra- 
indications for SMT. Manipulation of diseased verte- 
brae can potentially induce spinal fractures, or 
dislocations, resulting in acute compression syn- 
dromes of the spinal cord or nerve roots. 

Vascular accident 

Practitioners must establish the medications used by 
their patients and recognize the potential risk to those 
on anticoagulant therapy. Vascular problems include 
aortic occlusion, haematoma, and thrombosis. 

Trauma of the lumbar spine 

Direct and indirect trauma of the lumbar spine, leading 
to functional disorders, are few. However, traumatic- 
ally induced disc herniations, vertebral instability, as 
well as bony lesions with neurogenic signs, should be 
considered as contraindications for SMT. 


Unnecessary force application during 
SMT 

Fortunately, few cases have been reported where 
excessive force has resulted in long-term complica- 
tions. However, the production of rib fractures, 
vertebral fractures, femoral compression neuropathy, 
and both inguinal and abdominal hernias have been 
documented (Patijn, 1991; Terrett and Kleynhans, 
1991). 

Grieve (1981) reminds practitioners not to manip- 
ulate spinal joints that produce a rubbery resistance 
to pre-testing. 

Osteoporosis 

Spinal manipulative therapy is contraindicated in the 
presence of pathological vertebral fractures, as these 
fractures may be exacerbated by manipulation (Hal- 
demann and Rubinstein, 1993). Assessment of frac- 
ture risk using bone density measurements is the 
preferred management strategy. There may be a role 
for gentle SMT, but this must be considered on a case- 
by-case basis. 

Inflammatory disease of the spine and 
degenerative spondylosis 

Rheumatoid arthritis may present with signs of spinal 
instability and must be assessed cautiously by the 
practitioner. In the acute inflammatory stage of 
ankylosing spondylitis, SMT is contraindicated. 
Chronic degenerative osteoarthritis and spondylosis 
osteochondrosis, are relative indications for SMT. 
Mobilization is, however, recommended in place of 
high velocity thrust techniques. Radiological evalu- 
ation is recommended to avoid inappropriate manip- 
ulation. Cases with advanced osteoarthritis of the 
intervertebral joints may not benefit from manipula- 
tion. Ossification of intervertebral ligaments, as in 
diffuse idiopathic skeletal hyperostosis, are relative 
contraindications for manipulation and mobilization 
(Arnold, 1994). Degenerative disorders with resultant 
soft tissue hypertrophy of the intervertebral joints 
and the ligamentum flavum can induce spinal sten- 
osis. These clients often do not benefit from SMT 
(Grieve, 1981). 

Progressive osteoarthritis resulting in complete 
fusion of the sacroiliac joints is a contraindication for 
repeated manipulation, particularly if SMT increases 
pain. Manipulation is unlikely to reduce spondylolis- 
thesis, but commonly the adjacent spinal segments 
and/or sacroiliac joints can be treated successfully by 
manipulation or mobilization. Progressive unstable 
spondylolisthesis, especially where radicular signs are 
present, is a contraindication to SMT, as the symp- 
toms may be exacerbated. 


Copyrighted Material 




390 Clinical Anatomy and Management of Low Back Pain 


Congenital or acquired spinal hypermobility should 
be assessed with functional radiological studies to 
determine the instability of a particular spinal region. 
In such cases, mobilization techniques are not 
indicated. 


Spinal manipulative therapy in 
patients with psychogenic 
disorders 


Patients who present with psychogenic disorders 
must be evaluated carefully, preferably by a psycholo- 
gist and/or psychiatrist, before an indication for SMT 
is recommended (refer to Chapter 19). Such an 
indication should indicate a reproducible functional 
disorder of the spine. Patients with psychogenic 
disorders can develop an ‘addiction for manipulation’ 
and coerce the practitioner into administering such 
therapy. 


Clinical reasoning algorithm for 
continuing or abandoning 
mechanical therapy of the low 
back 


Spinal manipulative therapy may be continued or 
discontinued according the presenting signs and 
symptoms relating to pre-testing or follow-up exam- 
ination. An exacting history is mandatory in determin- 
ing the appropriateness of mechanical therapy. A 
clinical guide is outlined in Table 25.2, which 
provides a logical sequence for considering or re- 
evaluating the role of SMT. 


Conclusions 


Despite the lack of any systematic study into lumbar 
complications following SMT, the reported incidence 
is low. The true rate of complications requires 
prospective surveys and honest reporting before full 
appreciation of the problems are known. The major 
complications which arise from SMT reflect mis- 
diagnosis, failure to correctly identify the onset or 
progression of neurological signs or symptoms, the 
choice of inappropriate technique, and SMT per- 
formed in the presence of a herniated nucleus 
pulposus or a blood coagulation disorder. 

Careful history taking, assessment, awareness of 
the major risk factors, and judicious selection of SMT 
techniques, would appear to markedly lessen the 
already low incidence of lumbar complications. 


Table 25.2 Clinical reasoning for continuing or 
abandoning mechanical therapy’ of the low back 


(0 The patient reports improvement following 
treatment: 

• Treatment is repeated until the client is symptom 
free or until the treatment goal has been attained 

(ii) The patient’s symptoms are exacerbated hours 
following treatment but improve the day after 
treatment: 

• Continue treatment 

(Hi) The patient’s symptoms are exacerbated 
immediately after treatment: 

• The client should be reassured 

• Re-evaluation of the previous findings 

• Consider substituting treatment using 
electrophysical therapeutics 

• Gentle traction of the treated spinal segments or 
possibly massage of the paravertebral muscles 

• Detailed documentation of the physical findings, 
including neurological assessment and history 

(iv) Progressively worsening symptoms over days, 
week to months: 

• Reassessment of previous diagnostic findings 

• Manipulative treatment should be discontinued 

• Consider substituting treatment using 
electrophysical therapeutics 

• Consider medical referral for local infiltration 

• Neurological, rheumatological or orthopaedic 
consultations may become necessary and should 
not be postponed 

(v) In case of neurological complications: 
anaesthesia, tingling, weakness: 

• Urgent reassessment 

• Consider immediate hospitalization 

• Complete documentation of the incident and all 
findings 

(vi) The patient’s status remains unchanged 
(i.e. neither improvement nor worsening of 
the initial symptoms) after several (9-10) 
treatments 

• Reassessment of diagnostic findings 

• Change mechanical therapy approach 

• Consider the client's psychosocial situation 

• Appropriate referral of patient 

(vii) In every situation the following guide applies: 

• Economy of vigour in technique 

• Treatment guided by assessment and reassessment 


(Modified from Dvorak (1991) andTerrett and Kleynhans (1992).) 
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Definitions and abbreviations 


L.G.F. Giles 


Anatomical planes of the body - the descriptive 
planes of the body are shown in Figure 1 



Figure 1 The descriptive planes of the body. (Reproduced 
with permission from Davies, D.V and Davies, F. (1964) 
Gray's Anatomy. Descriptive and Applied, edn 33. Long- 
mans, Green, London, p. xix.) 

Antalgic posture - a posture assumed by patients 
experiencing acute low back pain, with or without 
leg pain, in which they lean away from the painful 
area. 

Antero-posterior (A-P) - the position of patients 
when an X-ray beam is directed to their anterior 
surface and an X-ray plate is positioned behind 


them. In this text, the A-P radiographs are viewed 
from behind the patient; the patient’s right side is 
indicated by a right marker (R). 

Articular triad - the intervertebral joint and the two 
zygapophysial joints at any given level of the spine 
(Lewin et al., 1961; Hirsch et at , 1963) (below the 
second cervical vertebra). 

Cobb’s method (1948) - method for measuring the 
angle of scoliotic spinal curvature. The angle of 
curvature is measured by drawing lines parallel to 
the superior surface of the most upper vertebral 
body of the curvature and to the inferior surface of 
the lowest vertebra of the curvature (Figure 2). 

Intra-articular synovial fold - a fibrous or highly 
vascular fat-filled zygapophysial joint synovial fold, 
which is covered by the synovial lining mem- 
brane. 

Intervertebral disc - 

Contained herniation is when nuclear material 
does not escape from the confines of the anular 
fibres. 

Extrusion is when nuclear material escapes 
beyond the confines of the anular fibres. 

Leg length' inequality - the absolute inequality in 
length of the lower limbs. In this text a significant 
leg length inequality' is referred to when an 
inequality of 9 mm or more is found using an 
accurate method for erect posture radiography 
(Figure 2). 

Low back pain - 

Acute low back pain refers to severe pain of recent 
onset (less than 3 weeks) with marked limitation 
of lumbar spine movements and antalgic posture. 
Chronic low back pain refers to low back pain of 
long duration (13 weeks or more) without 
marked limitation of lumbar spine movements. 
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Figure 2 An erect posture radiograph of a 19-year-old male showing a right leg length deficiency of 21 mm, sacral base 
obliquity and postural scoliosis with a 17 degree angle of curvature. R = right side of the patient. Note the vertical plumb-line 
shadow which is used for measuring leg lengths by drawing a horizontal line from the top of each femur head to meet the 
plumb-line at right angles. Sacral base obliquity is measured by drawing a horizontal line from each superior sacral notch to 
meet the plumb-line at right angles The vertical difference between paired horizontal lines gives the difference in leg lengths 
and the difference in height between the superior sacral notches (Reproduced with permission from Giles, I..G.F (1989) 
Anatomical Basis of Low Back Pain. Williams and Wilkins, Baltimore ) 
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Manipulation - (Cassidy and Kirkaldy-Willis, 1988) 
The definition given by Sandoz (1976, 1981) is 
both clear and concise. A manipulation or lumbar 
intervertebral joint adjustment is a passive manual 
manoeuvre during which the three-joint complex 
is suddenly carried beyond the normal physio- 
logical range of movement without exceeding the 
boundaries of anatomical integrity. The usual char- 
acteristic is a thrust - a brief, sudden, and carefully 
administered 'impulsion' that is given at the end of 
the normal passive range of movement. It is usually 
accompanied by a cracking noise. 

The stages of a manipulation are illustrated in 
Figure 22.1. When mobilization is forced beyond 
the elastic barrier, a sudden yielding is felt; a 
cracking noise is perceived; and the range of 
movement is slightly increased beyond the physio- 
logical limit into the paraphysiological space. At 
this point a second final barrier of resistance is 
encountered, formed by the stretched ligaments 
and capsule; it is called the limit of anatomical 
integrity. Forcing movement beyond this point 
would damage the ligaments and capsule. Charac- 
teristically, chiropractic manipulation involves the 
use of a high velocity, low amplitude thrust to a 
joint (Meade et at., 1990). 

Mobilization - (McQuarrie, 1988) 

Specific passive mobilization techniques are fre- 
quently used in physical therapy to assess joint 
movement, to restore joint movement, to provide 
for pain control, to improve joint lubrication, and 
to relax muscle spasm (Paris, 1979). The patient is 
positioned carefully to allow for movement to be 
directed at a specific spinal segment. The therapist 
may choose to reproduce passively a single move- 
ment or combinations of flexion, extension, rota- 
tion, and lateral flexion at that spinal segment. The 
amount of movement is carefully graded to repro- 
duce the range of movement desired at a specific 
spinal segment. The mobilization chosen may use 
gentle oscillations or stretching techniques 
depending on the specific joint dysfunction. 

Characteristically, mobilization uses low velocity 
passive movements within or at the limit of joint 
range (Ottenbacher and Di Fabio, 1985; Spitzer et 
at, 1987). 

Motion (mobile)segmentofjunghanns - all the space 
between two vertebrae where movement occurs; 
the intervertebral disc with its cartilaginous plates, 
the anterior and posterior longitudinal ligaments, 
the zygapophysial joints with their fibrous joint cap- 
sules and the ligamenta flava, the contents of the 
spinal canal and the left and right intervertebral 
canal, and the supraspinous and interspinous liga- 
ments (Schmorl and Junghanns, 1971) (Figure 1.6). 

Neuro-orthopaedic tests 

Gaenslen’s sign - The patient lies supine on the 
table, and is asked to draw both legs onto the 
chest. The patient is then shifted to the side of 


the table to enable one buttock to extend over 
the edge of the table. Allow the unsupported leg 
to drop over the edge, while the opposite leg 
remains flexed. Complaints of subsequent pain 
in the sacroiliac joint area gives an indication of 
pathology in that area. 

Hoover test - This test helps to determine whether 
the patient is malingering when stating that the 
leg cannot be raised. It should be performed in 
conjunction with a straight leg raising test. The 
examiner’s hands are put under the patient’s 
heels and, as the patient tries to raise one leg, the 
opposite heel is used to gain leverage; this 
causes his downward pressure to be felt on the 
examiner’s hand. If the patient does not bear 
down while attempting to raise one leg, he is 
probably not really trying. 

Kernig test - This procedure applies tension to the 
spinal cord and can reproduce pain. Ask the 
patient to lie supine, then to place both hands 
behind the head to forcibly flex the head onto 
the chest. The patient may complain of pain in 
the cervical spine, and, occasionally, in the low 
back or down the legs, an indication of menin- 
geal irritation, nerve root involvement, or irrita- 
tion of the dural coverings of the nerve roots. 
Ask the patient to locate the area from which the 
pain originates. 

Milgram test - The patient lies supine on the 
examining table with legs straight, then raises 
them to a position about two inches from the 
table. The patient is asked to hold this position as 
long as possible. This manoeuvre stretches the 
iliopsoas muscle, the anterior abdominal mus- 
cles, and increases the intrathecal pressure. If 
the patient can maintain this position for 30 
seconds without pain, intrathecal pathology may 
be ruled out. If the patient cannot hold the 
position, or cannot lift the legs at all, or 
experiences pain in the attempt, there may be 
intrathecal or extrathecal pathology (herniated 
disc). 

Naffziger test - A compression test designed to 
increase intrathecal pressure by increasing the 
intraspinal fluid pressure. The jugular veins are 
gently compressed for about 10 seconds until 
the patient’s face begins to flush. The patient is 
asked to cough; if coughing causes pain, there is 
probably pathology pressing upon the theca. The 
patient is asked to locate the painful area. 

Patrick or Fabere test - A test for detecting 
pathology in the hip, as well as in the sacroiliac 
joint. The patient lies supine on the table and 
places the foot of the painful side on the 
opposite knee. This causes the hip joint to be 
flexed, abducted, and externally rotated. In this 
position, inguinal pain gives a general indication 
of pathology in the hip joint or the surrounding 
muscles. At full ranges of flexion, abduction, and 
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external rotation, the femur is fixed in relation to 
the pelvis. To stress the sacroiliac joint, place one 
hand on the flexed knee joint and the other hand 
on the opposite anterior superior iliac spine. 
Press down on each of these points and if the 
patient complains of increased pain, there may 
be sacroiliac joint pathology. 

Valsalva manoeuvre - The patient is asked to bear 
down as if trying to move the bowels. This 
increases the intrathecal pressure. If bearing 
down causes pain in the back, or radiating pain 
down the legs, there is probably pathology 
either causing intrathecal pressure or involving 
the theca itself. 

Obliquity - 

Pelvic obliquity - this is a lateral inclination of the 
pelvis which is tilted downward to the short leg 
side (Figure 2). 

Sacral base obliquity - a lateral inclination of the 
sacral base (Figure 2). 

Osteoarthritis - (degenerative joint disease, degen- 
erative arthritis, hypertrophic arthritis) - charac- 
terized by degeneration of articular cartilage, 
hypertrophy of bone at joint margins, and synovial 
membrane changes; usually associated with pain 
and stiffness (Hellmann, 1992). 

Osteoarthrosis - Chronic non-inflammatory arthritis. 

Scoliosis - 

Angle of curvature - the angle between lines 
drawn parallel to the superior surface of the 
upper vertebra of the curvature and to the 
inferior surface of the lowest vertebra of the 
curvature. 

Postural (compensatory) - this is a lumbar or 
thoracolumbar scoliosis (lateral curvature) 
which is an adaptation of the vertebral column 
to pelvic obliquity and which is convex on the 
short leg side. The intervertebral discs are 
wedged from the concave to the convex sides on 
the A-P radiograph with the discs being wider on 
the convex side of the scoliosis (Figure 2). 
Structural idiopathic - a lateral curvature with 
fixed rotational deformity of the spine. 

Shoe-raise therapy - the provision of a shoe-raise on 
the side of the short leg. The raise on the heel is 
equal to the difference in leg lengths and the raise 
on the sole is 5 mm less. 

Slump test - the patient sits with the back straight 
and the legs hanging over the edge of the 
examination table then slumps the cervical and 
thoracic spines forward then straightens one leg at 
a time to traction the dura. If further dura] traction 
is necessary, dorsiflex the foot. Ask the patient to 
extend the neck and, if low back or leg pain is 
relieved, the pain arises from the spine (Kenna and 
Murtagh, 1989). 

Spondylosis - osteophytosis secondary to degen- 
erative intervertebral disc disease (Weinstein et al ., 
1977). 



Figure 3 Note the subluxation (imbrication telescoping) of 
the zygapophysial joint facet surfaces as indicated by the 
arrows. (Reproduced with permission from Giles, L.G.F. 
(1989) Anatomical Basis of Low Back Pain. Williams and 
Wilkins, Baltimore.) 


Subluxation - the alteration of the normal dynamics, 
anatomical or physiologic relationships of con- 
tiguous articular structures (Schafer, 1980). In this 
text, the term is used when apposing facet surfaces 
of the zygapophysial joint are no longer congruous, 
as demonstrated by imbrication (telescoping) of 
the zygapophysial joint facet surfaces (Hadley, 
1964) (Figure 3). 

Tropism - asymmetry in the horizontal plane of 
paired left and right zygapophysial joints. 

Zygapophysial joint - the diarthrodial synovial joint 
between adjacent vertebral arches (apophysial 
joint, facetal’ joint, interlaminar joint). 

Zygapophysial joint cartilage - According to Hadley 
(1964), this is of the hyaline articular cartilage 
variety and it lines the facet surfaces; extensions of 
cartilage beyond the facet surface, known as 
‘bumper-fibrocartilage', are not composed of hya- 
line cartilage (Hadley, 1964). 
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Abdominal bracing exercises, 38 4 
Accessory process, 72,73 
Activity pacing, 319 
Adductor, 179 

Adhesions, zygapophysial joint, 351 
facet syndrome pain, 89, 90, 91 
Adipose tissue 
epidural, 227 

intervertebral canal exit /one, 115 
synovial membrane, 82 
zygapophvsial joints, 81 
Age-associated changes 

back pain epidemiology, 23 
lumbar intervertebral disc 
degeneration, 56-57, 59 
nucleus pulposus, 59 
sacroiliac joint ossification, 181 
Alkaline phosphatase serum level, 

3.31. 348 

Anaesthetic injection, 8, 9. 88, 91, 
238 

back strain, 336 
Anatomical planes, 395 
Angiography, 283-284 
Ankle joint, motor innervation, 
323-324 

Ankylosing spondylitis, 331, 389 
Annular lamellae, 52-53 
fetal development, 50 
fibres arrangement, 55 
young adult disc, 5 1 
Annular tears, 292-293 
computerized tomography- 
discography (CTD), 296 
internal disc disruption, 295-296 
magnetic resonance imaging (MR1), 
292, 296 

Amilus fibrosus, 52-53, 162 
antcrior/posterior parts, 52-53, 55 
attachments, 55 
calcification, 292 
fetal development, 50 
Assuring, 57, 58 


function, 55 
in infant/child, 50, 5 1 
innervation, 227, 232, 255, 260 
weightbearing, 55, 56 
Antalgic posture, 395 
Anterior atlantoaxial ligament, 162 
Anterior horn, 244 
Anterior longitudinal ligament, 7, 55, 
162 

innervation, 260 
Anterior primary rami, 219, 227 
Anterior sacroiliac ligament, 175 
calcification, 181 
innervation, 178 
Anterior spinal artery, 144, 145 
Anterior spinal vein, 151 
Anthropomorphic measurements, 26 
Anticoagulant therapy, 389 
Arachnoid membrane, 4l, 42 
Arachnoiditis ossificans, 292 
Arterial vessel nerve supply, 227, 228 
Arteriovenous malformation, 283 
Artery of Adamkiewicz, 145, 245 
Articular cartilage 

degenerative changes, 338 
sacroiliac joint, 174-175, 177 
zygapophysial (facet) joints, 65-66, 
75-78, 86-88, 398 
see also Hyaline cartilage 
Articular nerve receptor endings, 226 
Articular triad, 395 
Articulating processes, ununited 
ossification centres, 204-205 
Ascending sympathetic afferent 
diversion, 261 
Atlantoaxial joint, 16 1 
Atlanto-occipital joint, 160, 161 
Autoimmune reactions, 251-252 
Autonomic syndromes, 7-8, 255-271 
Axial loading, 7, 55-56 
intradiscal pressure, 54 
zygapophysial joints, 75 

thoracolumbar junction, 186 


B lymphocytes, 240 
Baastnip's disease see Interspinous 
osteoarthritis 
Back muscles, 156-162 
extrinsic, 156 

intervertebral joint movement, 160 
intrinsic, 157-160 
movement functions, 4 
postural function, 4 
suboccipital, 160-162 
surface anatomy, 1 64 
Back pain mechanisms, 7, 231 -240 
Back schools, 353 
Back strain, 335-336 

physiotherapy management, 384 
treatment, 336 

Basi-vertebral veins, 139, 140-142 
Bertolotti's syndrome, 5, 6 
Biomechanics, lumbosarcal spine, 
165-171 

electromyography (EMG), 169, 171 
historical aspects, 165-167 
intersegmental muscles, 167 
intervertebral disc degeneration/ 
prolapse, 68, 165-166 
intra-abdominal pressure, 166 
measurement of movements, 
168-169 

modelling, 170-171 
compressive force, 170 
erector spinae, 1 70 
moment of force, 1 70 
spinal anatomy, 167-168 
muscular attachments, 167 
posterior ligamentous system, 167 
study conditions, 168 
thoracolumbar fascia, 1 67 
Biomechanics, thoracolumbar 
junction, 189-190 
Blood supply, 134-154 
Blood-nerve barrier, 154 
spinal nerve root, 245-246 
Bone nerve supply, 227, 228 
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Brace therapy, 340 
back strain, 336 
lumbar instability, 384 
spondylolisthesis, 342 


Cl spinous process (vertebra 
prominens), 164 
Calcium serum level, 331, 347 
Case-control studies, 18, 19 
Cauda equina, 38, 41, 42, 97, 144, 

244 

blood supply, 151 
intrinsic vascular system, 245 
Cauda equina compromise 

complicating spinal manipulation 
therapy, 388-389 
experimental compression, 246 
chronic nerve root compression, 
250-251 

intraneural oedema formation, 
247 

multiple levels, 249-250 
onset rate of compression, 
248-249 

vascular impairment, 247 
physiotherapy management 
assessment, 372, 376 
Cavitation 

chiropractic spinal manipulation, 
350, 352 

osteopathic high velocity thrust, 

364 

Centrum 

arterial supply, 1 37 
basi vertebral veins, 139, 140-142 
Cervical intervertebral joints 
muscles producing movement, 160 
zygapophysial joint pain, 9 
Chiropractic management, 344-355 
anatomical source of pain, 345 
back schools, 353 
clinical trials, 353-354 
cost-effectiveness studies, 354 
examination, 345-348 
inspection, 345-346 
laboratory tests, 348 
neurological examination, 
346-347 

pain provocation tests, 346 
palpation, 347 
range-of-motion, 346 
specialized clinical testing, 347 
exercise therapy, 352-353 
imaging, 348 
patient history, 344-345 
plain radiography indications, 276 
principles, 344 
questionnaires, 348 
regimens of therapy, 353 
spinal manipulation therapy, 349 
definition, 349 

indications/contraindications, 352 
manipulative thrust, 349 
neurological effects, 350-351 


physiological effects, 350 
side posture manipulation 
method, 351-352 
Chondrocytes, 50, 66 
Chondroitin sulphate, 50 
Claudication 

ligamentum flavum hypertrophy/ 
calcification, 1 18 
spinal stenosis, 304, 339 
Claw osteophytes, 290, 292 
Clinical interview, 315-316 
Cobb’s method, 395 
Coccyx, 173 

Cognitive-behavioural approach, 
317-319,320 
therapies, 319-320 
Cohort studies, 18-19 
Collagen 

anulus ftbrosus, 55 
annular lamellae, 53 
weightbearing, 56 
hyaline cartilage, 66 
infant intervertebral disc, 50-51 
nucleus pulposus, 51, 52 
Compensation, 28, 318 
Compressive force, biomechanical 
modelling, 170 

Computerized tomography (CO, 8, 9, 
167, 278-279, 322 
advantages. 279 
complications, 279 
costotransverse arthropathy, 289 
degenerative disc disease, 292 
epidural haematoma, 303 
facet arthropathy, 286 
free fragment herniation, 302 
indications, 279 

internal disc disruption, 295-296 
intervertebral disc bulges, 293 
intervertebral disc herniation, 298 
with intravenous contrast, 279 
isolated disc resorption, 296-297 
L5 corporotransverse ligament, 1 28 
limitations, 279 

mechanical back pain diagnosis, 
329 

nucleus pulposus herniation, 337 
posterior limbus bone, 302 
spinal stenosis, 293, 304, 340 
central canal, 304 
lateral canal, 307 
synovial cysts, 287 
technique, 279 

tethered cord with spina bifida 
occulta, 197 
thoracolumbar junction 

zygapophysial joints, 186 
mortice joint, 186, 187, 188 
Computerized tomography- 
discography (CTD), 279 
internal disc disruption, 296 
Computerized tomography- 
myelography (CTM), 279 
intervertebral disc herniation, 298 
spinal stenosis, 304, 340 


Conjoint nerve roots, 1 30 
Conus medullaris, 38, 41, 97, 323 
developmental changes, 143, 196, 
244 

Conversion disorder, 322 
Corporotransverse ligament, 125-126 
Cost of back pain, 28 
Costotransverse arthropathy, 287 
imaging, 289 

Costotransverse ligament, 162 
Creep, 52 

age-associated intervertebral disc 
changes, 57 

Cross sectional studies, 18 

Cross-fibre stretch, 363 

Crossed leg/'well leg’ raise test, 347 


Deep anterior intraforaminal 
ligament, 121 

Deep back muscles see Intrinsic back 
muscles 

Deep pressure technique, 363 
Degenerative disc disease, 7, 57-58, 
289-290 

age-related change classification, 57 
annular tears, 58, 292-293 
asymptomatic, 289 
biomechanical implications, 68 
calcification, 292 
cell type changes, 59 
disc bulges, 292 

end-plate changes, 291, 292, 293 
imaging features, 289, 290-295 
computerized tomography (CT), 
292 

conventional radiography, 

290- 292, 293 

magnetic resonance imaging 
(MR]), 292, 294, 295 
ultrasonography, 283 
intervertebral canal stenosis. 103 
intervertebral canal structural 
changes, 65-67 

ligamentum flavum pathology, 206, 
207 

lumbar instability, 284, 383 
subluxation, 291-292 
mechanical back pain, 66, 328, 329 
anulus ftbrosus Assuring, 58 
inflammatory mechanisms, 238 
onset/progression, 59 
osteopathic treatment, 365 
osteophytes, 290-291, 292 
physiotherapy, 381-382, 384 
spinal canal stenosis, 292, 339 
spinal manipulation therapy 
contraindications, 389-390 
vacuum phenomenon, 291, 292, 
293 

zygapophysial joint cartilage 

degenerative changes, 65-67 
Depression, 23, 316, 318, 322 
Dermatomes, 323-324 
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Development 

lumbar intervertebral disc, 49-50 
spinal elongation, 14.5, 244 
thoracolumbar transitional junction, 
185 

Diagnostic problems, 8-9 
Diagnostic procedures, 322-330 
clinical signs/symptoms, 322 
differential diagnosis, 325-328 
history, 324 
imaging, 330-331 
laboratory tests, 331 
pain a sessment, 322, 326 
personality structure investigation, 
317, 322 

physical examination, 325, 327, 

331 

Diffuse idiopathic skeletal 
hyperostosis, 389 
Discography, 52, 277-278 
advantages, 277 
anulus fibrosus fissuring, 58 
complications, 278 
with computerized tomography 
(CTD), 279 
indications, 277 

intervertebral disc herniation, 298 
limitations, 278 
technique, 278 
Distraction stategies, 320 
Diurnal/circadian variation 
height, 35 

range of spinal movement, 169 
Dorsal nerve root blood supply, 245 
Dorsal root ganglion, 99. 101, 115, 
243, 244 

autonomic nervous system 
elements. 260 

back pain mechanisms, 232, 238 
intervertebral canal ligament 
entrapment, 130 
radiating spinal syndromes, 270 
blood supply, 151 
capsule, 244 
nervi nervorum, 225 
Dura mater, 245 
sensory innervation, 225 
Dural tube, 4 1 , 42, 97 
Dynamic psychotherapies, 317 

Ectopic axon impulse generation, 
265-270 

ephaptic interaxonal crosstalk, 265, 
268 

focal neural injury as stimulus, 268, 
269 

radiating radiculopathy. 265 
referred pain, 269, 270 
Electromyography (EMG), 169. 171 
leg length inequality, 179 
mechanical back pain diagnosis, 

331 

spinal manipulation studies, 35 1 
Emotional factors, 23 


End-plate, 55 
anatomy, 52, 53 
basi-vertebral veins, 140-142 
developmental changes, 49, 55 
infant/child, 50 
epiphyseal rings, 1 62 
vascular buds, 50, 53, 141, 142 
End-plate pathology, 59 
back pain mechanisms, 232 
degenerative disc disease, 291 
isolated disc resorption, 297 
magnetic resonance imaging (MRI), 
292, 295 
weak points, 58 
Schmorl’s nodes, 52 
Entrance zone (lateral recess), 97, 99, 
1 14 

Entrance zone (lateral recess) 
ligaments, 1 16- 1 17 
Hoffmann ligaments, 115, 116-117 
peridural membrane, 1 17 
posterior longitudinal ligament see 
Posterior longitudinal ligament 
Entrance zone (lateral recess) 
stenosis, 103, 109, 305, 328 
imaging, 305 

Ephaptic interaxonal crosstalk, 265, 
268 

Epidemiology, 6, 18-28 
definition problems, 18 
financial aspects, 6, 28 
frequency of back pain, 19-23 
health care utilization, 26-28 
measurement problems, 18 
risk factors/prognostic factors, 
23-26 

terminology, 18 
Epidural adipose tissue, 227 
Epidural haematoma, 303 
Epidural memb ane, 4 1 , 97 
Epidural plexus, 122 
Epidural space, contamination with 
diagnostic/therapeutic agents, 
8-9 

Epidural steroid injection 

nucleus pulposus herniation, 338 
spinal stenosis, 340 
Erector spinae, 157, 158 

biomechanical modelling, 170 
surface anatomy, 164 
Erythrocyte sedimentation rate (ESR), 
33 1 , 348 

Exercise, 26, 352-353, 366 
Exit zone ligaments, 41, 43 
fifth lumbar exit zone, 122-126 
L5 corporotransverse ligament, 
125-126 

lumbosacral hood, 124-125 
lumbosacral ligament, 122-124 
mam i I lo-Lrans verso-accessory 
ligament, 126 

upper four lumbar segments, 
119-121 

exit foramina compartment, 
121-122 


external ligaments, 121 
internal ligament, 119 
intraforaminal ligaments, 120-121 
spinal nerve opening, 121 
vascular foramina, 121-122 
Exit zone stenosis, 103, 109, 305, 307 
External vertebral venous plexus, 142 
Extradural space, 97 
Extradural veins, 97 
Extradural venous plexus (Batson’s 
plexus), 1 17 

Extrinsic back muscles, 156 
innervation, 1 56 


Fabere-Patrick test, 346, 397-398 
Facet arthrography, 278 
facet syndrome, 285 
Facet arthropathy, 285-286 

computerized tomography (CT), 
286 

lateral canal stenosis, 307 
magnetic resonance imaging (MR.!), 
" 286 

plain radiography, 285-286 
with synovial cysts, 287 
Facet asymmetry see Zygapophysial 
joint asymmetry (tropism) 

Facet synd ome, 88-92, 285 
diagnosis, 285 
imaging, 89, 285 

mechanisms of back pain, 89, 330 
vascular origin, 89, 91-92 
Fibroadipose meniscoids, 81 
Fibroblasts, 50 

Fibrocartilage, sacroiliac joint, 174, 
177 

Finite clement models, 1 70 
First sacral segment persistent 
separation, 5 

Flexion-extension radiographs, 322 
spinal instability, 284 
Free fragment herniation, 302 
Frustration, 318 


Gadolinium DTPA-enhanced magnetic 
resonance imaging (MRI), 280, 
281 

anulus fibrosus tears. 296 
synovial cysts, 287 
Gaenslen's test, 346, 397 
Gallium-67 bone scan, 282 
Ganglia, 219 
blood supply, 151-154 
Gender effects, 26 
Gluteus major, 179 
Glycosaminoglycans, 55 
Goniometers, lumbar motion 
assessment, 345 
Grades of movement, 377-378 


Habitual poor posture, 4 
Health care utilization, 26-28 
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Height, 26 

age-associated decline, 56-57 
circadian variation, 54 
Hemispherical spondylosclerosis, 
291 

Hemivertebra, 5 
Herron-Pheasant test, 347 
High velocity thrust, 364, 378 
contraindications, 388 
Hip (innominate) bones, 173 
Hip, motor innervation, 323-324 
History taking, 324 
Hoffman ligaments, 115, 116-117 
Hoover test, 397 
Horizontal mid transforaminal 
ligament, 121 
Hyaline cartilage 

age-associated changes, 86 
osteoarthritic changes, 86-88 
pubic symphysis, 174 
sacroiliac joint, 174-175, 177 
zygapophysial joints, 65-66 
see also Articular cartiage 
Hyperlordosis (swayback) 
Baastrup's disease, 287 
mechanical back pain, 328 
Hypermobility, 390 
Hysteresis, 57 


IgM, intervertebral disc herniation 
deposits, 240 
lliacus, 179 

lliocostalis cervicis, 157 
iliocostalis lumborum, 1 57 
innervation, 218 
Iliocostalis thoracis, 157 
Iliolumbar ligament, 174 
Illness behaviour, 314-315 
Imaginal rehearsal, 320 
Imaging, 275-307 

intervertebral disc syndromes, 
289-307 

mechanical back pain diagnosis, 
330-331 

modalities, 275-284 
posterior joint/neural arch 
syndromes, 284-289 
Incidence, 18, 23 

Inferior corporotransverse ligament, 

121 

Inflammation, 238-240 

intervertebral canal Ligaments, 
128-129 

nucleus pulposus herniation, 337, 
338 

nucleus pulposus-induced nerve 
root injury, 251 

Inflammatory disease, 389-390 
Inflammatory pain 
osteopathic treatment assessment, 
360 

pain quality assessment, 359 


Innervation, 219-228, 231 
immunocytochemical studies, 
232-238 

somatic of dorsal spinal elements, 
257-258 

somatic of ventral spinal elements, 
255-257 

Instability, 59, 284 
causes, 284 

conventional radiography, 284-285 
dynamic findings, 284-285 
static findings, 284 
degenerative disc disease, 284, 383 
subluxation, 291 -292 
magnetic resonance imaging (MRI), 
285 

physiotherapy management, 

383-384 

dynamic stabilization, 384 
lumbar supports, 384 
mobilization, 384 
Internal disc bulges, 293 
isolated disc resorption, 296 
Internal disc disruption, 58, 295 
imaging, 296, 297 
Internal ligament, 1 19 
Internal vertebral venous plexus, 1 4 2 
Interosseous sacroiliac ligament, 
175-176, 179 

lnterpedicular canal see Intervertebral 
canal 

lnterpedicular zone, 99- 101 , 102 
clinical implications, 102 
spinal nerve deformation/pressure, 
101, 102 

Interpubic disc, 174 
Intersegmental muscles, lumbosacral 
spine biomechanics, 1 67 
Interspinalis cervicis, 1 60 
Interspinalis lumborum, 160 
Interspinalis muscles, 159, 160 
Interspinalis thoracis, 160 
Interspinous ligament, 7, 162 
fibre direction, 167 
Interspinous osteoarthritis (Baastrup's 
disease), 200-202, 204, 287, 289 
causes, 200 
imaging, 287 

Intertransversarii anterior cervicis, 

159, 160 

Intertransversarii lumborum, 160 
Intertransversarii muscles, 160 
Intertransversarii posterior cervicis, 160 
Intertransversarii thoracis, 160 
Intertransverse ligaments, 162 
Intervertebral canal, 7, 39, 40, 144 
anatomy, 97-102 
bloodvessels, 115, 144 
entrance zone (lateral recess area), 
99, 114 

ligaments, 116-1 17 
exit zone, 99, 114, 115 
fat plug, 115 
ligaments, 1 1 6, 118-126 
neural complex, 1 15 


lnterpedicular zone, 99-101, 102 
clinical implications, 102 
lateral borders, 99, 101, 102 
medial/lateral foramina, 98 
mid-zone (subliminal blind zone), 
99 

ligaments, 44-45, 46, 47, 116, 

1 17-118 

neural structures, 98, 99 
deformation/pressure, 101, 102 
displacements during normal 
movement, 115, 122 
post canal zone, 1 1 5 
ligaments, I 1 6 , 126 
stenosis see Intervertebral canal 
stenosis 
zones, 98, 99 

Intervertebral canal ligaments, 47, 
116-130 

classification, 116 
conjoint nerve roots, 1 30 
dorsal root ganglion entrapment, 
130 

entrance zone (lateral recess area), 
116-117 

exit zone, 41, 43, 1 1 6, 118-126 
histological studies, 126-128 
inflammation, 128-129 
malposition, 129-130 
mid-zone (sublaminal blind zone), 
44-45, 46, 47, ll6, I 17-118 
neural complex pressure, 129-130 
ossification, 130 
periradicular fibrosis, 129 
post canal zone, 1 1 6, 126 
radiological studies, 128 
role in low back pain, 128-130 
Intervertebral canal stenosis, 

103-111, 305-307 
computerized tomography (CT), 
307 

conventional radiography, 307 
entrance zone (lateral recess), 103, 
109, 305, 328 

exit zone (foramina!), 103, 109. 

305, 307 
far lateral, 307 

intervertebral disc herniation, 67, 
103-104, 107-108, 109 
magnetic resonance imaging (MRJ), 
307 

mechanical back pain, 328 
mid zone, 103, 109, 305. 
myelography, 307 
nerve entrapment/compression, 
107, 109 

osteophytes, 89, 90, 103, 104, 107, 
109 

radiographic versus soft tissue 
pathology, 107 

vascular stasis/ischaemia, 108, 
109-11 I 

facet syndrome pain, 89, 90 
zygapophysial joints osteoarthritis, 
103, 104 
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Intervertebral disc, 7, 35, 49-68, 162 
adult structure, 51-55 
age-associated changes, 56-57 
creep, 57 
sti/fness, 57 
anatomy, 49-55 
anulus fibrosus, 52-53 
cartilage plates, 52, 53 
nucleus pulposus, 51-52 
back pain localization, 232 
development, 49-50 
embryonic, 49 
fetal, 50 
infant/child, 50 
direct neural relations, 53-54 
innervation, 227-228, 232-235 
internal disruption, 58, 295-296, 
297 

isolated resorption, 296-298 
longitudinal ligaments, 55 
movement, 56 
nourishment, 50, 53 
pathology, 57-68 
vertebral growth completion, 51 
water/proteoglycans, 50-51 
weightbearing, 55-56 
Intervertebral disc bulges, 293 
degenerative disc disease, 292 
imaging, 295 
internal, 296, 297 
Intervertebral disc calcification 
computerized tomography (CT), 

299 

conventional radiography, 298 
intervertebral disc herniation, 298, 
300 , 302 

magnetic resonance imaging (MR1), 

300 

Intervertebral disc degeneration see 
Degenerative disc disease 
Intervertebral disc herniation, 7, 57, 
58, 298 

anterolateral, 59, 63 
asymptomatic, 9 
calcification, 298, 300, 302 
contained, 395 

conventional radiography, 298 
extrusion, 395 
free fragment, 302 
history taking, 324 
imaging features, 298-302 
computerized tomography (CT), 
298, 299, 300 
computerized tomography- 
myelography (CTM), 298 
discography, 298 
magnetic resonance imaging 
(MRJ), 300-302 
myelography, 298, 299 
ultrasonography, 283 
inflammatory response, 238 
intervertebral canal stenosis, 
103-104, 107-108, 109 
nerve root tension tests, 346 
neural element changes, 235, 300 


osteopathic treatment, 366 
osteophytes formation, 59, 63 
position/level of herniation, 323, 
330 

posterolateral, 59, 60 

paraspinal autonomic system 
involvement, 63, 64, 65 
small blood vessel changes, 235 
spina bifida occulta association, 

197 

spinal manipulation therapy 
complication, 388-389 
vacuum phenomenon, 298, 300 
see also Nucleus pulposus 
herniation 

Intervertebral disc infection, 284 
Intervertebral disc pain, 360 
Intervertebral disc prolapse 
biomechanics, 165-166 
historical aspects, 165 
sciatica, 9 

Intervertebral disc turgor, 52, 54-55 
Intervertebral foramen, 53, 54, 97, 

1 14 

see also Intervertebral canal 
Intervertebral joints, 7, 35 

muscles producing movement, 160 
range of movement measurement, 
169 

shear force, 4 

Intra-abdominal pressure, 1 66 
Intra-articular meniseoid inclusions, 

81 

entrapment, 90 

Intra-articular synovial folds see 
Synovial folds 

Intraforaminal ligaments, 120-121 
deep anterior intraforaminal 
ligament, 121 

horizontal mid transforaminal 
ligament, 121 

oblique superior transforaminal 
ligament, 120 

Intrinsic (deep; postvertebral) back 
muscles, 157-160 
blood supply, 1 69 
deep layer, 157, 159 
intermediate layer, 157, 159 
superficial layer, 157, 159 
Investigative methods, 9-10 
Isthmic spondylolysis see Pars 
intcrarticularis defect 


Job dissatisfaction, 23 
Juxtafacet synovial cysts, 9 


Kemp's test, 346 
Keratan sulphate, 50 
Kernig test, 397 
Knee joint, motor innervation, 
323-324 

Knife clasp deformity. 200 


L5 corporotransverse ligament, 
125-126 
imaging, 128 
L5 vertebra 

ligaments, 125-126, 128, 174 
sacralization, 5 
transverse process 

overdevelopment, 5 
Laboratory tests, 333 
Literal bending sign, 298 
Lateral canal see Intervertebral canal 
Lateral costotransverse ligament, 162 
lateral flexion technique, 379, 382 
Lateral recess see Entrance zone 
Leg length inequality', 5, 179, 180, 
395, 396 

back pain association, 179 
physiotherapy management 
assessment, 374 
shoe raise in management, 179 
surgical correction, 179, 181 
Length of spine, 35 
Levatores costarum, 159, 160 
Lifetime prevalence, 18, 19, 23 
Lifting, 23 

intra-abdominal pressure, 166 
lumbosacrsal joint compressive 
force, 166 

Ligament techniques, osteopathic, 362 
Ugamenta flava, 4, 7, 1 62 
anatomy, 78-80 
blood supply, 80 
calcification, 117, 118, 292 
degenerative changes, 292, 339 
function, 79 

hypertrophy, 117, 118, 206-207 
facet syndrome pain, 89 
innervation, 226 
intervertebral canal mid-zone, 
117-118 

ossification, 116, 189 
pathology, 206-207 
Ligaments, 162-164 
innervation, 227, 257 
intervertebral canal/foramen, 

1 14-130 

Ligamentum nuchae, 1 62 
Line of sveight/centre of gravity 
relationship 
normal posture, 3-4 
transitional regions, 185 
Local somatic pain 
dorsal ramus fibre injury, 258 
ventral ramus fibre injury, 257 
Localization of back pain, 2)1, 260, 
261 

chiropractic assessment, 344 
intervertebral disc, 2)2 
osteopathic assessment, 358 
physiotherapy assessment, 

370-371 

referred pain, 260, 26 1 

visceral/somatic origin, 262-263 
sacroiliac joint, 2)2 
zygapophysial joints, 232 
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Longissimus capitis, 157 
Longissimus cervicis, 1 57 
Longissimus muscles, 157 
Longissimus thoracis, 157 
Longitudinal stretch, 362 
Lower limb motor innervation, 323-324 
Lumbar arteries, 160 
Lumbar cribriform fascia, 126 
Lumbar lordosis, 4, 40, 55 
age-associated changes, 57 
development, 3 

intervertebral disc turgor, 52, 54 
Lumbar rotation, 380, 383 

lumbar disc complications, 388 
Lumbar spinal nerve root canal see 
Intervertebral canal 
Lumbar traction, 383 
Lumbar vertebrae, 35 
Lumbosacral corset, 340, 384 
Lumbosacral hood, 124-125 
Lumbosacral junction 
compressive force, 1 66 
facet intersegmental translation 
restraint, 56 
spondylolysis, 56 
Lumbosacral ligament, 122-124 
Lumbosacral spine, 35 
anatomy, 35-47 
arterial supply, 134-137 
pain sensitive structures, 227-228 
Lumbosacral transitional variations, 
191, 205-206 

pain (Bertolotti's syndrome), 5, 6 
Lumbosacral vertebrae blood supply, 
137-143 

arterial supply, 137-138 
basi vertebral veins, 139, 140-142 
venous drainage, 142, 143 
Lumbosacral zones of Head, 260, 26 1, 
263 

field characteristics, 261-262 
paraesthesias, 265 
peripheral signs/symptoms, 265 
Lymphocytes, 238 


Macrophages, 238 

Magnetic resonance imaging (MRI), 8, 
9-10, 167, 279-281, 322 
advantages, 280 
axial images, 280 
Baastrup’s disease, 287 
complications, 281 
contrast agents, 281 
coronal images, 280 
degenerative disc disease, 292 
asymptomatic, 289 
epidural haematoma, 303 
facet arthropathy, 286 
free fragment herniation, 302 
indications, 280 
internal disc disruption, 296 
intervertebral disc bulges, 295 
intervertebral disc herniation, 
300-302 


isolated disc resorption, 297 
L5 corporotransverse ligament, 128 
limitations, 280 

mechanical back pain diagnosis, 

330, 331 

nucleus pulposus herniation, 337, 
338 

physiotherapy management 
assessment, 371 
planes, 280 

posterior limbus bone, 303 
pulse sequences, 281 
sagittal images, 280 
signal intensity of lumbar spinal 
tissues, 281 
spinal instability, 285 
spinal stenosis, 304, 340 
central canal, 304 
lateral canal, 307 
spondylolisthesis, 341 
synovial cysts, 287 
technique, 280 

tethered cord with spina bifida 
occulta, 197-198 
Maigne's syndrome see 

Costotransverse arthropathy 
Mamillary processes 
thoracolumbar junction mortice 
joint, 187-188 

MatniJlo-accessory ligament, 72, 1 18, 
177, 220, 221 
ossification, 221, 223 
Mamillo-transverso-accessory 
ligament, 126 
see also Mamillo-accessory 
ligament 

Manipulation, spinal, 276, 397 
chiropractic, 349, 350-352 
complications, 387 
of excessive force, 389 
following misdiagnosis, 389 
lumbar spine disc lesions, 388-389 
lumbar spine trauma, 389 
vascular accident, 389 
continuation/abandonment, clinical 
reasoning algorithm, 390 
contraindications, 352, 387-390 
inflammatory disease, 389-390 
osteoporosis, 389 
spinal column tumours, 389 
indications, 352, 388 
physiotherapy, 378 
thoracolumbar junction, 191, 192 
Mechanical back pain, 9, 1 64 
causes, 10, 11, 89 
diagnosis see Diagnostic procedures 
Medical pain management, 334-343 
Medullary feeder arteries, 24 
Meninges 
blood supply, 143 
innervation, 255 
Mid-zone, 99 

Mid-zone ligaments, 44-45, 46, 47, 
117-118 

ligamentum flavum, 117-118 


nerve root sheath fascial 

attachments to pedicles, 117 
transforaminal ligaments, 47 
Mid-zone stenosis, 103, 109, 305 
Milgram test, 397 
Minnesota Multiphasic Personality 
Inventory, 23 
Mobilization, 376, 397 
acute pain, 379-380, 381 
lumbar instability, 384 
degenerative joint disease, 382 
lateral flexion, 379, 382 
lumbar rotation, 380, 382 
with movement, 377 
passive, 377 

spinal joint dysfunction, 381-382 
Moment of force, biomechanical 
modelling, 170 

Motion (mobile) segment, 7-8, 397 
Movement measurement methods, 

169 

Mucoid streak, 49 
Multifidus muscle, 85, 157, 160 
innervation, 178 
physiotherapy, 384 
thoracolumbar junction rotation 
antagonism, 188 
zygapophysial joint asymmetry 
(tropism), 186 
Muscle reflex dysfunction 
dorsal ramus fibre injury, 258 
ventral ramus fibre injury, 257 
Muscle relaxants 
back strain, 336 

nucleus pulposus herniation, 338 
Muscle spasm, 264, 378 
Muscle techniques, osteopathic, 363 
Muscle tone 

osteopathic treatment assessment, 
362 

posture, 4 

Muscular attachments, 167 
Muscular weakness 
dorsal ramus fibre injury, 258 
ventral ramus fibre injury, 257 
Myelography, 277, 322 
with computerized tomography see 
Computerized tomography- 
myelography (CTM) 
internal disc disruption, 296 
intervertebral disc herniation, 298, 
299 

mechanical back pain diagnosis, 
330-331 

nucleus pulposus herniation, 337 
spinal stenosis, 340 
central canal, 304 
lateral stenosis, 307 
synovial cysts, 287 


Naffziger test, 397 

Neck Disability Index Questionnaire, 
331 

Nerve conduction studies, 331 
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Nerve root, 99, 101, 144, 243-252 
anatomy, 219, 243-245 
in intervertebral canal, 98 
blood supply, 151-154 
capillaries, 153, 154 
blood-nerve barrier, 245-246 
diagnostic aspects, 323-324 
innervation/nerve endings, 239 
movement within intervertebral 
canal, 1 15 

nervi nervorum, 258 
nucleus pulposus-induced injury, 
251-252 

posterior (sensory) nerve root, 244 
vascular anatomy, 245-246 
ventral (motor) nerve roots, 244 
Nerve root compression/entrapment, 
97, 246-251 

complicating spinal manipulation 
therapy, 388 

experimental compression, 246-248 
chronic, 250-25 1 
intraneural oedema formation, 247 
multiple levels, 249-250 
onset rate effects, 248-249 
vascular impairment, 247 
intervertebral canal ligaments, 
129-130 

conjoint nerve roots, 130 
dorsal root ganglion, 1 30 
Nerve root sleeve/sheath, 115, 219, 
245 

fascial attachments to pedicles, 117 
Nerve root syndromes, 328 
Nerve root tunnel see Intervertebral 
canal 

Nervi nervorum, 258-260 
ectopic axon impulse generation, 
269, 270 

Neural arch syndromes, 284 
imaging, 284-289 
Neurogenic pain, 255 
ectopic axon impulse generation, 
270 

osteopathic treatment assessment, 
360 

Neurogenic syndromes, 255-271 
Neuro-orthopaedic tests, 397-398 
Non-steroidal anti-inflammatory drugs 
back strain, 336 

nucleus pulposus herniation, 338 
osteopathic management strategies, 
364, 366 

spinal stenosis, 340 
Nourishment of intervertebral disc, 

50, 53 

Nuclear medicine, 281-282 
Nucleus pulposus, 35. 162 
age-associated changes, 59 
anatomy, 51-52 
calcification, 292 
development, 49 
fetal, 50 

in infant/child, 50, 51 
maturation changes, 51 


spinal nerve root injury, 251-252 
turgor, 54-55 
weightbearing, 55 
Nucleus pulposus herniation, 9, 
336-339 
definition, 336 
history, 337 
imaging, 337 

pathophysiology, 336-337 
inflammation, 337, 338 
radiculopathy, 337 
physical examination, 337 
treatment, 9, 338-339 
medical treatment, 338 
surgery, 338-339 


Obesity, 26 

Oblique superior transforaminal 
ligament, 120 
Obliquus capitis, 160 
Obliquus capitis inferior, 162 
Obliquus capitis superior, 162 
Occupational poor posture, 4 
Odds ratio, 19 
Oral steroids, 340 
Osseous tissue anomalies, 4, 5 
Osteoarthritis, 398 

low back pain association, 66 
primary/secondary, 67-68 
spinal manipulation 

contraindications, 389 
spinal stenosis, 339, 340 
transitional lumbosacral vertebrae, 
205, 206 

zygapophysial joints see 

Zygapophysial (facet) joint 
osteoarthritis 
Osteoarthrosis, 398 
Osteoid osteoma, 324 
Osteopathy, 358-367 
active movement, 361 
acute low back pain, 365-366 
aims, 362-363, 365 
articulation techniques, 363 
chronic low back pain, 366 
clinical trials, 358-359 
frequency of treatment, 364-365 
high velocity thrust, 364, 366 
interview, 359-360 
joint mobilization, 363, 366 
lumbar spine examination. 361 
management principles, 365 
muscle relaxation, 363, 366 
observation, 36 1 
outcome, 365 

pain evaluation/localization, 359 
palpation, 361-362 
past medical history', 360 
patient suitability, 36 1 
physical examination, 361 
sacroiliac joint examination, 361 
soft tissue techniques, 363 
standing examination, 361 
structural back problems, 366-367 


subchronic low back pain, 366 
symptoms assessment, 359, 360 
therapeutic advice, 363, 364 
treatment, 363-365 
Osteophytes 

ageing associations, 59 
Baastrup's disease, 287 

costotransverse arthropathy, 289 
degenerative disc disease 
claw osteophytes, 290, 292 
computerized tomography (CT), 
292 

conventional radiography, 
290-291 

posterior osteophytes (uncinate 
spurs), 291, 292 
traction osteophytes, 66, 67, 
290-291 

facet arthrosis, 286 
intervertebral canal stenosis, 
103-104, 107, 109 
blood vessel deformation/ 
traction, 89, 90 

intervertebral disc herniation, 67 
posterolateral, 59, 63, 64 
paraspinal autonomic system 
influence, 64, 65 
sacroiliac joint, 177 
spinal canal stenosis, 97, 339, 340 
vertebrogenic autonomic 
syndrome, 63, 65 
zygapophysial joint articular 
processes, 86 
Osteoporosis, 26 

age-associated height decline, 56 
spinal manipulation therapy 
contraindications, 389 
Oswestry Back Pain Disability 
Questionnaire, 315, 331 


Pain, 5-7 

acute/chronic, 395 
definition, 314 

individuality' of response, 315 
subjectivity' of experience, 314, 319 
Pain assessment, 322, 326, 370-371 
quality/intensity', 359 
questionnaires, 348, 349 
Pain diagrams, 326, 331 
Palpation 

osteopathic treatment assessment, 
361-362 

physiotherapy management 
assessment, 374 
lumbar instability, 384 
sacroiliac joint, 375 
Paraesthesia 

ectopic radiating action potentials, 
265, 270 

lumbosacral zones of Head, 265 
osteopathic treatment assessment, 
359 

physiotherapy management 
assessment, 370, 371, 376 


Copyrighted Material 



408 Index 


Paraspinal (sacrospinalis) muscle, 137 
Paraspinal sympathetic ganglia, 258, 
260, 264 

Paravertebral autonomic 

(sympathetic) nervous system, 

260, 261 

Paravertebral muscles, 1 1 
Pars interarticttlaris, 37 
cross-sectional area, 207 
Pars interarticularis defect, 207-213 
aetiology, 21 1 
fatigue fracture, 21 1 
Patrick (Fabere-Patrick) test, 346, 
397-398 

Pelvic girdle, 173-174 
ligaments, 174 
Pelvic obliquity, 5, 179, 398 
Peridural membrane, 117 
Personality' structure investigation, 
317, 318-319, 322 
Physical examination, 325, 327, 331 
chiropractic management, 345-348 
nucleus pulposus herniation, 337 
osteopathic management, 361 
physiotherapy management, 
372-377 

spondylolisthesis, 342 
Physiotherapy, 385 
acute pain, 379-381 

joint moblization, 379-380 
lateral shift correction, 379, 380 
lumbar extension, 379, 380 
lumbar rotation, 380 
neural tissue mobility restriction, 
381 

restoration of normal function, 
380-381 

assessment interview, 370 
degenerative joint disease/ 
spondylosis, 382-383 
lumbar traction, 383 
history, 370, 371 
imaging, 371-372 
lumbar instability, 383-384 
outcome measures, 385 
pain assessment/localization, 
370-371 

patient suitability', 372 
physical examination, 372-377 
active movement testing, 

373-374, 384 

analysis of findings, 376-377 
muscle power, 375- 376 
neurological tests, 375 
neuromeningeal movement. 376 
observation, 373 
palpation, 374, 375, 384 
passive accessory intervertebral 
movement, 374-375 
passive movement assessment, 
374, 375 

passive physiological 

intervertebral movement, 

375 

planning, 372 


procedures, 372 
reflexes, 376 
sensation, 3 7 6 
sacroiliac joint 
assessment, 375 
treatment, 384-385 
spinal joint dysfunction, 381-382 
subjective examination, 370-372 
symptom behaviour, 371 
treatment, 377-381 
grades of movement, 377-378 
manipulative thrust, 378 
mobilization with movement, 377 
passive mobilization/ 
manipulation, 377 
patient comfort, 378 
patient position, 378 
protocol, 378-379 
reassessment of active 
movements, 378-379 
Piriformis, 179 

Plain film radiography, 8, 9, 10, 
275-277, 322 
advantages, 276 
Baastrup’s disease, 287 
chiropractic examination, 347 
complications, 277 
costotransverse arthropathy, 289 
degenerative disc disease, 290-292 
facet arthrosis, 285-286 
facet syndrome, 285 
indications, 276 
internal disc disruption, 296 
intervertebral disc bulges, 293 
intervertebral disc degeneration, 

57, 58 

intervertebral disc herniation, 298 
isolated disc resoqnion, 297 
limitations, 276 

mechanical back pain diagnosis, 
330, 331 

nucleus pulposus herniation, 337 
physiotherapy assessment, 371 
posterior limbus bone, 302 
spinal instability, 284-285 
dynamic findings, 284-285 
static findings, 284 
spinal stenosis, 304, 340 
central canal, 304 
lateral canal, 307 
spondylolisthesis, 342 
synovial cysts, 287 
technique, 276 
Point prevalence, 18, 23 
Post-canal zone ligaments, 116, 126 
lumbar cribriform fascia, 126 
Posterior intercostal arteries, 160 
Posterior joint syndromes, 284 
imaging, 284-289 
Posterior ligamentous system 
biomechanics, 167 
Posterior limbus bone, 302 
imaging features, 302-303 
Posterior longitudinal ligament, 7, 55, 
1 15, 1 1 6, 162 


calcification, 
innervation, 226, 255 
ossification, 1 16 
Posterior median furrow, 164 
Posterior osteophytes (uncinate 
spurs), 291 , 292 
Posterior primary rami, 219 
dorsal spinal elements innervation, 
257-258 

exrracapsular distribution, 219-223 
intracapsular distribution of 
terminations, 223-225 
lateral branches, 220, 257 
medial branches, 72, 220-221, 

223, 257 

neurovascular bundle, 220 
Posterior sacroiliac ligament, 176, 

179 

Posterior spinal artery, 144, 145 
Posterior spinal muscle innervation, 
257 

Posterior spinal vein, 151 
Postural abnormalities 

mechanical back pain, 328 
spinal stenosis, 339 
Postural scoliosis, 5 
Posture 

osteopathic treatment assessment, 
361 

phylogenetic aspects, 3-5 
physiotherapy assessment, 373 
Postvertebral back muscles see 
Intrinsic back muscles 
Prevalence, 18, 23 
Previous back pain history, 23, 360 
Prognostic factors, 18, 23-26 
Progressive muscle relaxation, 319 
Proteoglycans 

age-associated intervertebral disc 
changes, 57 
anulus fibrosus, 56 
hyaline cartilage, 66 
immature disc, 50-51 
intervertebral disc turgor, 54, 55 
synovial membrane secretion, 82 
Psychological/psychiatric aspects, 7, 

8, 9, 314-320, 322, 324, 328, 

353 

behavioural assessment, 318 
clinical interview, 315-316 
cognitive-behavioural approach, 
317-319,320 
therapies, 319-320 
cognitive assessment, 318 
compensation factors, 318 
dynamic psychotherapies, 317 
investigations, ,316-319 
personal variables, 317 
personality typing, 318-319 
questionnaires, 348, 349 
screening, 315 

spinal manipulation therapy, 390 
therapeutic relationship, 315, 316, 
320 

treatment targets. 316-317, 319 
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Waddell's tests of non-anatomical 
back pain, 347 
Psychosocial Assessment 
Questionnaire, 315, 331 
Pubic symphysis, 1 74 

Radiating radiculopathy, 265-270 
ectopic radiating action potentials, 
265 

Radicular arteries, 38, 40, 144, 145, 
151 

Radicular canal see Intervertebral 
canal 

Radicular pain 

chiropractic neurological 
examination, 346-347 
differential diagnosis, 322 
ligamentum flavum hypertrophy/ 
calcification, 118 
osteopathic assessment, 359 
physiotherapy assessment, 370 
spinal stenosis, 339 
Radiculomedullar arteries, 145, 151 
Radionuclide bone scan, 8, 9, 322 
costotransverse arthropathy, 289 
mechanical back pain diagnosis, 
331 

sacroiliac joint pain, 346 
spondylolisthesis, 342 
Rectus capitis posterior, 160 
Rectus capitis posterior major, 160 
Rectus capitis posterior minor, 162 
Recurrent meningeal nerve see 
Sinuvertebral nerve 
Referred pain 

ascending sympathetic afferent 
division, 26 1 

autonomic nervous system neural 
dements, 260 
chiropractic neurological 
examination, 346-347 
CNS mechanisms, 263-264 
autonomic reflex dysfunction, 
264 

convergence theory, 263, 264 
pattern recognition, 263 
ectopic axon impulse generation, 
269, 270 

localization, 260, 26l 
visceral/somatic origin, 262-263 
lumbosacral zones of Head, 260, 
261-262, 263 

peripheral signs/symptoms, 265 
osteopathic assessment, 359 
physiotherapy assessment, 370, 

371, 376 

spinal syndromes, 260-265 
Relative risk, 1 9 
Repetitive loading, 165 
Rctrolisthesis 

degenerative disc disease, 291-292 
isolated disc resorption, 297 
Rheumatoid arthritis, 331, 389 
Rib anomalies, 189, 191 


Ring apophysis, 53, 55 
thoracolumbar transitional junction, 
185 

vertebral growth completion, 51 
Risk factors, 18, 19, 23-26 
Robert's syndrome, 287 
Root canal see Intervertebral canal 
Rotatores, 157, 160 


Sacral arteries, 177 
Sacral base obliquity, 398 
Sacrococcygeal joint, 174 
Sacroiliac joint, 8, 173-181 
age-associated ossification, 181 
blood supply, 177 
clinical examination, 179-181 
gross anatomy, 173-178 
joint space opacification technique, 
181 

movement, 177 
osteopathy 

assessment, 361 
manipulation, 364 
physiotherapy 
assessment, 375 
treatment, 384-385 
Sacroiliac joint dysfunction, 178-179 
Sacroiliac joint pain (sacroiliac 
syndrome), 178, 179, 232 
Sacroiliac joint stress tests, 345 
Sacrospinous ligament, 174 
Sacrotuberous ligament, 174 
Sacrum, 173 

innervation, 17^-178 
ligaments, 174 
Saddle anaesthesia, 359, 36 1 
Schmidt-l.anrerman incisures damage, 
251 

Schmorl's nodes, 52, 58, 292, 302 
Sciatica, 9 

epidemiology, 23, 26 
inflammatory mechanisms, 238 
ligamenta flava pathology, 206 
Sclerosis 

Baastrup's disease, 287 
costotransverse arthropathy, 289 
facet arthrosis, 286 
Scoliosis, 398 

lateral canal stenosis, 307 
osteopathic treatment, 366 
spinal instability', 284 
zygapophysial joint asymmetry 
(tropism), 187 

Segmental arteries, 115, 134-137, 

245 

anterior (abdominal wall) branches, 
134, 135, 136, 245 
intermediate (spinal canal) 
branches, 135, 136, 245 
posterior branches, 137, 245 
Semispinalis, 157, 158 
Serratus posterior inferior, 156 
Serratus posterior superior, 1 56 
Shock absorber function, 55 


Shoe-raise therapy, 179, 398 
Sinuvertebral (recurrent meningeal) 
nerve, 99, 109, 1 15, 121, 255, 
260 

distribution, 224-225 
Smoking, 26 
SNAGS techniques, 377 
Social reinforcement techniques, 319 
Sodium channel function, 265 
Soft tissue anomalies, 4, 5, 6 
facet syndrome pain, 89 
Soft tissue innervation, 255, 257 
Somatotome, 260 

referred pain, 26l, 262, 263 
Spina bifida occulta, 5 

disc herniation association, 197 
knife clasp deformity', 200 
tethered cord association, 197, 198 
Spinal anatomy, biomechanical 
modelling, 167-168 
Spinal canal, 7, 97- 1 1 1 
anatomy, 97 
arterial supply, 136 
innervation 

dorsal spinal elements, 257-258 
ventral spinal elements, 255-257 
Spinal cord blood supply, 143 - 151 , 
245 

arceries, 145-148 
veins, 149-150, 151 
Spinal curves 
aberration, 6 
development, 3 
thoracolumbar, 185-186 
see also Lumbar lordosis 
Spinal dysraphism 

in-utero ultrasonographic diagnosis, 
283 

tethered cord association, 196 
Spinal movement 

segmental intervertebral, 56 
spinal protective support, 4 
zy'gapophysial joint facets, 56 
Spinal nerve, 99, 114, 115, 144 
anatomy, 98, 219 
intervertebral canal relations, 99, 
101 , 121 

lumbar intervertebral disc relations, 

. 53-54 

nervi nervorum, 258 
root see Nerve root 
white rami communicantes, 227 
Spinal stenosis, 103, 339-340 
causes, 206 

central canal stenosis, 304, 305 
clinical symptoms, 207 
definition, 339 

degenerative disc disease, 293, 
303-307 

history, 324, 339-340 
imaging, 283, 292, 303-307, 340 
lateral canal see Intervertebral canal 
stenosis 

ligamenta flava pathology, 206 
nerve root tension tests, 347 
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Spinal stenosis 0 continued) 
pathophysiology, 339 
physical findings, 340 
treatment, 340 

zygapophysial joints osteoarthritis, 
206 

Spinal tumour, 284, 352, 389 
Spinal vessels 
deformation, 8 

intervertebral canal stenosis, 108, 
109 

innervation, 255 
intervertebral vascular foramina, 
121-122 

Spinalis capitis, 157 
Spinalis cervicis, 157 
Spinalis muscle, 157 
Spinalis thoracis, 157 
Spinous processes 

impingement of adjacent processes 
in extension, 200, 20-t 
lumbosacral spine, 39, 40 
surface anatomy, )64 
Splenius capitis, 1 57 
Splenius cervicis, 157 
Splenius muscles, 157, 158 
Spondylolisthesis, 210, 211, 213, 
341-343 

Baastrup's disease, 287 
definition, 341 
history, 342 
imaging, 342 
management, 2 13 
osteopathic treatment, 367 
pathophysiology, 341-342 
physical examination, 342 
spina] instability, 284 
spina] manipulation therapy, 389 
spinal stenosis, 304 
lateral canal, 307 
with synovial cysts, 287 
treatment, 342-343 
type I (dysplastic), 341 
type II (isthmic), 211, 341 
type 111 (degenerative), 291, 341 
type IV (traumatic), 341-342 
type V (pathologic), 342 
ultrasonographic diagnosis, 283 
Spondylosis, 398 

mechanical back pain, 9 
Static work posture, 26 
Steroid injection, 8, 9, 88, 91, 238 
Stiffness 

age-associated disc changes, 57 
physiotherapy assessment, 374 
Straight leg raise, 347, 376, 384 
Strengthening exercises, 353 
Stretching exercises, 352-353 
Subarticular canal stenosis, 103 
Subluxation, 398 
Suboccipital muscles, 160-162 
Suboccipital nerve, 160 
Suboccipital triangle, 160, 162 
Substance P neurones 
anulus fibrosus, 232 


chronicnerve root compression, 250 
degenerate facet joints, 235 
facet syndrome pain, 90-91 
intra-articular synovial folds, 214 
thoracolumbar junction, 191-192 
posterior longitudinal ligament, 226 
Superior corporotransverse ligament, 
121 

Superior costotransverse ligament, 164 
Supraspinous ligament, 7, 1 62 
Surgery, 334-343 

nucleus pulposus herniation, 
338-339 

spinal stenosis, 340 
Synovial cysts, 286-287, 288 
computerized tomography (Cl'), 287 
conventional radiography, 287 
magnetic resonance imaging (MRI), 
287 

Synovial fluid, 86 

Synovial folds, 47, 72, 78, 80-86, 395 
adipose tissue, 83, 85 
blood supply compromise, 90 
development, 80-81 
entrapment, 351 

facet syndrome pain, 89 
zygapophysial joint asymmetry 
(tropism), 214 

histological appearance, 83-85 
innervation, 223, 225, 227, 235 
neuropeptides, 235 
synovial membrane, 82-85 
blood supply, 82, 83, 85-86 
thoracolumbar junction 

zygapophysial joints, 188, 191 
Synovial joints 

receptor nerve endings, 224 
sacroiliac joint, 174-175, 177 
zygapophysial joints see 

Zygapophysial (facet) joints 
Synovial membrane, 82-85 
blood supply, 82, 83, 85-86 
functions, 82 

subsynovial (subintimal) layer, 82, 

83 

synovial (intimal) layer, 82-83 


T lymphocytes, 238 
Technetium-99m bone scan, 282 
Tectorial membrane, 162 
Tethered cord syndrome, 5, 196-200 
causes, 196 

clinical features, 196-197 
imaging, 197-198 
lumbosacral cord elongation, 197 
onset in adulthood, 198-199 
spina bifida occulta association, 
197, 198 

spinal dysraphism association, 196 
Thoracic discal herniation, 191 
Thoracic intervertebral joints, 160 
Thoracic nerves, 227 
Thoracolumbar accessory ossification 
centres, 191 


Thoracolumbar fascia, 157 

lumbosacral spine biomechanics, 
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Thoracolumbar junction, 183-192 
biomechanics, 189-190 
clinical anatomy, 191-192 
developmental anatomy, 185 
inflexion point, 185-186 
manipulative treatment, 191, 192 
mechanics of spinal jniuries, 190 
mobile segment load-bearing, 186 
pathoanaiomical relations, 190-191 
rudimentary ossification centres, 
189 

vertebral body fracture, 185, 186, 
190, 191 

vertebral extension, 190 
zygapophysial joints, 183-185, 186 
asymmetry', 186-187 
axial weight-bearing, 186 
interlocking mortice-like, 
187-188, 189 

intra-articular synovial folds, 188, 
191 

rotation antagonism, 188, 
189190 

variations in configuration, 
183-185, 189, 191, 192 
Thoracolumbar junction mortice 
joint, 186, 187-188, 189 
axial loading, 186, 189 
osteoarthritis susceptibility, 191 
rotation antagonism, 188, 189, 192 
in vertebra] extension, 190 
Thoracolumbar junction pain 
syndromes, 9, 191 
Thoracolumbar spinal curvature, 
185-186 

Thoracolumbar syndrome see 
Costotransverse arthropathy 
Traction osteophytes, 66, 67, 

290-291 

internal disc disruption, 296 
Transversospinal muscle group, 157, 
158 

Trauma, 4 

mechanical back pain, 9, 328 
physiotherapy, 384 
Trefoil-shaped canal, 97, 339 
entrance zone (lateral recess) 
stenosis, 305 

Tropism see Zygapophysial (facet) 
joint asymmetry 

Ultrasound, 283 
Uncinate spurs (posterior 
osteophytes), 291, 292 
Urinalysis, 331, 348 


Vacuum phenomenon 

computerized tomography (CT), 
292 

conventional radiography, 291 
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internal disc disruption, 296 
intervertebral disc herniation, 298, 
300 

isolated disc resorption, 297 
magnetic resonance imaging (MRJ), 
292 

posterior limbus bone, 302 
Valsalva manoeuvre, 398 
Vascular stasis/ischaemia, 8 

facet syndrome pain, 89, 91-92 
intervertebral canal stenosis, 
109-111 

Ventral nerve root, 99 
blood supply, 245 
Vertebra prominens, 164 
Vertebral arch, 35 
Vertebral artery, 160 
Vertebral body, 35, 40 
arterial supply, 137-138 
basi-vertebr.il veins, 140-142 
innervation, 227, 255, 257, 260 
red marrow/haemopoeisis, 40 
Vertebral growth completion, 51 
Vertebrogenic autonomic syndrome, 
63, 65 

Vertebrogenic pain, 26l 
Vibration, 26 

Videofluoroscopy, 282-283 
Visual analogue scale, 326, 331 


Waddell's tests of non-anatomical 
back pain, 347 

White rami coinmunicantes, 261 


Yeoman's test, 346 


Zygapophysial (facet) joint, 7, 35, 37, 
39, 41, 42, 72-92, 398 
anatomy, 72-76 
arterial supply, 137 
articular cartilage, 65-66, 75-78, 
398 

age-associated changes, 86 
capsule, 78 

innervation, 223, 225-226, 227, 
235 

neuropeptides, 235 
compression/bending loads, 68 
facet orientation, 4, 40, 56, 72, 75 
function, 56, 75 

inferior articular recess, 46, 47, 72, 
74 

innervation, 257 

medial branch, 220-221, 223, 

257 

receptor nerve endings, 226, 228 
intra-articular structures, 81 
adipose tissue pads, 74, 81 
meniscoids, 81 
joint cavity, 72, 86 
mammilary process, 72 
mamillo-accessory ligament, 72 
shearing stress resistance, 40 
spinal movement, 56 
superior articular recess, 74 
synovial fluid, 86 
synovial folds see Synovial folds 


synovial membrane, 82-85 
thoracolumbar junction see 
Thoracolumbar junction 
Zygapophysial (facet) joint asymmetry 
(tropism), 5, 72, 213-214, 398 
low back pain association, 213, 214 
thoracolumbar junction, 186-187 
osteoarthritis susceptibility, 191 
unilateral mortice joint, 187 
Zygapophysial (facet) joint 

osteoarthritis, 7, 68, 86-88 
articular cartilage changes, 86-88 
intervertebral canal stenosis, 66, 

67, 103, 104 
spinal stenosis, 206 
thoracolumbar junction, 190-191 
zygapophysial joint asymmetry 
(tropism), 214 

Zygapophysial (facet) joint pain, 9, 
232 

osteopathic assessment, 360 
Zygapophysial (facet) joint pathology, 
86-92 

adhesions, 89, 90, 91, 351 
articular cartilage, 65-67, 86-88 
degenerative changes, 86, 339-340 
facet syndrome, 88-92 
osteopathic treatment 
articulation, 363 
assessment, 362 
high velocity thrust, 364 
plain radiography, 10 
spinal manipulation therapy, 351 
subluxation, 66, 67 
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